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FOREWORD

This report descrtSes the results of a Space Environment
Simulator test of a prototype Gemini extravehicular space suit (Model GH-2C-18)
conducted by LTV Astronautics for the NASA Manned Spacecraft Center. This
test (Experiment I-b) was conducted November 5, 9 and 12, 196_ at the LTV

Astreaantics facility in Dallas, Texas. Experiment I-b is one of 12 space
suit thermal evaluation tests being conducted in the LTV Astronautics Space
Envirorment Simulator under contract NAS 9-3_1_. This contract covers a

_elve month effert and is scheduled for c_apletion on July 30, 196_. Mr.
J. C. Pe_adek and Mr. R. F. Schwartz of the NASA=MSC, Systems Test Branch
are the technical monitors for this contract.

Experiment I-b was conducted in accordance with LTV report mmber
00.520 "Gemini Extravehicular Suit Performance and Thermal Response Test"
submitted to NASA-MSC for approval on 21 October 196_. This report presents
the results of Experiment I-b and is submitted in accordance with contract
Ms 9-34_.
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1.0 SD}_4ARY

Experiment I-b of NASA-MSC Contract NAS9-3414 requires that tests
be conducted to evaluate the performance and thermal response of a prototype
Gemini extravehicular space suit in a simulated 200 nautical mile earth orbit.
A prototype Gemini extravehicular suit assembly (Serial _aber GH-2C-18) was

instawmnte_ for temperature and pressure measurements and was exposed to

the simulated space envirorAent created by the LTV Space Envirorment Simulator(SBS). A thermal dummy capable of providing the sensible heat of a man was

placed in the suit assembly to closely simulate manned occupancy of the

space suit. Testing was conducted oyer a three day period under the following

conditions. (I) cold soak with "-320_F _S walls, (2) conditions slmulat_ng
a earth orbit, (3) contact with a heated spacecraft surface and (4) high

solar heat inputs. The princ_ objective of the test series was to deter-
mine the design adequacy of the prototype suit assembly for operation in the
environmental conditions encountered in extravehicular earth orbit operations.
The specific test objectives were to determine:

I. Suit temperatures and pressures as functions of time,

orbit position and suit rotation position.

2. Suit net heat gain or loss as a function of time,

orbit position and suit rotation position.

I

L

[

i

[

i

3. Net heat gain or loss through the suit visor.

4. Evidence of visor frosting.

5. Thermal adequacy of suit.

6. '_ot spots" or "cold spots" on the suit resulting

from contact with simulated spacecraft surfaces.

7. Suit leakage under simulated space thermal &
vacuum conditions.

8. Effect of compression under the parachute harness on

suit thermal performance.

Simulation of the thermal and pressure environments during the tests
included the following:

I. Astrormut body temperatures.

2. Deep space heat sink.

3. Solar heat flux.
4. Earth thermal radiation.

5, Earth albedo.

6. Hot spacecraft surface.
7. Vacuum.

i



Astronaut body temperatures and sensible metabolic heat output
were simulated by a fiberglass and copper articulated du_. The shell

type construction of the dummy provides an outer layer Of material which
approximates the conductance of human skin. An electrical heater network
covers the interior of the dummy shell and the dummy surface temperatures
are controlled by regulating the power to the heaters.

The radiation hea_ sink of space was Simulated by the liquid

nitrogen shroud surrounding the test section of the SES. The simulated
solar heat flux was provide_ by a bank of Mercury-Xenon _.mps installed at one
surface of the test c_amber. A pressure of less than iO"_ nn Hg was maintained

throughout the tests by the SES vacuum pumping system. Earth thermal radiation
and reflected solar radiation (albedo) were simulated by use of a dished _

aluminum plate located opposite the suit from the solar lamps and coated with
a controlled emittance paint. The thermal radiation from the earth sire-later

was controlled by regulating the simulator surface temperature. This was
accomplished by varying the power input to electrical beaters attached to
the back of the plate. Incident energy fr_ the SES lamp bank was reflected
from the dished plate te simulate the earth albede radiation. The simulated
spacecraft surface was provided by a section of aluminum structure which
could be moved into contact with the suited dummy. The surface of the structure

was adjustable to simulated spacecraft surface temperatures by electrical
resistance heaters.

The prototype Gemini extravehicular space suit consists of a

pressure restraint inner assembly and a thermal protective outer assembly
fabricated to produce a single piece garment. The thermal protective provisions

include seven layers of aluminized mylar covered by a nylon felt layer. The

outer wearing surface of the suit is a lightweight nylon cloth. Thermocouples
were attached to the outer surface and at various locations on the interior

layers to monitor the thermal performance of the insulative layers. Visor

and helmet temperature as well as suit pressures were also monitored during
the tests.

The results of this experiment indicate that suit outer surface
temperatures did not exceed +200°F or fall lower than -200°F during si_mlated
extravehicular operations in an earth orbit. Maxinmm heat less during deep
space operation should not exceed 250 BTU/hr. The maximum heat leakage into
the suit should not exceed 20 BTU/hr under maximum heating conditions. Visor

heat less to deep space was approximately _O to 40 BTU/hr while viaor heat
gain under direct solar radiation was approximately 40-50 BTU/hr. T_nov_rall

conductance of the suit was estimated to be betumen 0.017 and 0.024 _I_ZOF.
Contact wit_ a 180OF spacecraft surface or cempredsion points under the
parachute harness did Dot produce any neasurable hot spots on the interior
surface of the Suit.

A positive indication of visor frAting was ndt ebtalnsd in this
eXperinent. Based on visor temperature and the relative humidity measurements,
_or frosting very likely did occur. • direct measurement of heat flux
through the visor was net obtained due to equipment malfunction.

2



Suit pressures ranged from 3.8 to 4.4 psia during the test while

the pressure differential Or loss across the suit varied between 0.08 and 0.12

psi. Sult ps leakage varied between I_0 and 190 scc/min d_ring the course
of the tests.

The foregoing results indicate that the Oemini prototype suit
assembly tested Should provide satisfactory thermal protection for manned use
during earth orbit extravehiculKr operations. _itional testing, however,
will he required to determine the adequacy of thermal protection about the
hands and feet.

3



2.0 INTRODUCTION

Extravehicular operation in earth orbit requires protection of
the astronaut from his envirorment. An important component of the protective
system is the extravehicular space suit. This suit provides both protection
from the low pressure of space as well as protection from the extreme heat
sources and heat sinks: LTV Astronautics in accordance with Contract NAS9-341h
is engaged in a comprehensive un-manned test program to evaluate the performance

of space crew equipment in a simulated space environment. The experimental
test results detailed in this report cover the firs_ of twelve space suit
thermal evaluation experiments to be conducted in the LTV Space Environment
Simnlator for the NASA Manned Spacecraft Center. The first experiment
(Experiment I-b) subjected the Gemini prototype extravehicular space suit
assembly containir_ a thermal dummy %o the low pressures and extreme temperature
conditions of a simulated near earth environment. The experiment was performed
to permit an evaluation of the thermal performance of this specific suit under
space environment conditions similar to those encountered exterior to the
Gemini spacecraft while in orbit.

This report presents a description of Experiment I-b, the results
obtained, and an extrapolation of the test results to define the actual
space conditions anticipated.



3.0 PEST _ROGRA_

3.1 TEST OBJECTIVES

The overall objective of Experiment l-b was to evaluate the

thermal performance characteristics of the Gemini extravehicular space suit

during a simulated near earth orbit. The specific test objectives were as
follows:

I. Suit temperatures and pressures as functions of time,

orbit position and suit rotation position.

S_it net heat gain or loss as a function of time,

orbit position and suit rotation position.

3. Net heat gain or loss through the suit visor.

4. Evidence of visor frosting.

5. Thermal adequacy of suit.

6. "_ot spots" or "cold spots" on the suit resulting
from contact with simulated spacecraft surfaces.

7. Suit leakage under simulated space thermal & vacuum conditions.

8. Effect of compression under the parachute harness on suit thermal
perfermJnce.

3.2 DESCRIPTION OF TEST ARTICLE
m --

The test article was a Gemini space suit (GH-2C-18) which is the

prototype of the insulated G-4C Gemini extravehicular suit. During the test,

the suit was worn by a thermal dummy (described in paragraph 3.3.2,1)wearing

a conventional underwear garment. Figure I shews the suit and du_ installed

in the Space Environment Simulator for testing.

The test suit consists of a pressure garment with integral thermal

insulation (Figure 2). The innermost layer is a lightweight nylon "comfort
liner" which is worn next te the astronaut. Outaide the comfort liner is the

heavier pressure seal which is the airtight layer. Immediately outside the
pressure layer is a "restraint net" which provides additioml strength for

contair_ng the suit burst pressure forces. Following the restraint layer
are two layers of light-weight nylon (du Pont HT-1 "N_ex"), seven layers of

aluminized xylar superinsuletion, the layer of Ncewx felt and a Naaex outer
layer. The test article included superinsulation gloves and mittens and
insulation covers over the inlet and return hose connections to reduce the

heat shorts of these areas. An insulation hood to place over the entire helmet
was also provided for this test. The hood was provided to allow determination
of heat leaks through the helmet and visor.

The left glove of the suit and the left hand of the _ were
removed and a special feed through was fitted te the wrist disconnect for
the purpose of withdrawing internal instrumentation leads (Figure 3). The

special feed through and leads were protected by a superinsulation cover d_ri_

the experiment. 5
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3.3 TEST EQUIPME_

3.3.1 TEST FACILITY

Experiment i-b _as conducted in the LTV Space Environment

Simulator (SES). The KS _has a I0 ft. diameter by I0 ft. long test chamber

which provides the simulated vacu_n heat sink conditions of outer space and

radiation of the sun. An overall view of the facility is presented by
Figure 4.

The SES vacuum capability is provided by three,32-inch oil

diffusion p_,,mpswith an ejector and mechanical forepumping system, a The
ult___te vacuum capability of the chamber is approximately _ x lO'U_ _g. During
this test, the SES pressure was maintained at approximately 5 x lO-b mm Hg.

This was the minimum pressure attainable with the suit and gas supply system

leakage. Figure 5 shows chamber pressure vs time d1_ing the second day

of testing and is representative of the c_mmber pressure throughout the entire

test. Figure 5 also shows the _]S ptunpdown time to be approximately 3 hours.

The heat sink conditiona of space are simulated by a liquid
nitrogen cooled shroud or cryowall which covers the entire inner surface of

the SES with the exception of two viewing ports and twenty ports used to

allow passage of the solar heat flux. The total unceoled wall area represented
by these ports is 3 percent of the total shroud area. The cryowall is a

multifinned, aluminum tube bank cooled by liquid nitrogen. The cryowall

surface was refinished recently with Minnesota Mining and Manufacturing

Com_ny ?_ries IOIC-IO Black Velvet coating which has an absorptivity of
approximately 0.98 in the solar spectrum.

Simulated solar radiation i:_ supplied Oy twenty, 25OO-watt Mercury-

Xenon high pressure arc lamps mounted outside the chamber and focused tbmough
quartz ports such that the mean flux over a six-foot plane near the center

of the chamber is approximately uniform. The flux at the test plane is

controllable over the range of 285 to 445 BTU/hr. ft2. Power is supplied to

the solar simulator lamps by a regulated power supply capable of limiting power
fluctuations to +1% of the operating level.

The spectral distribution of flux from the SES solar simulator

lamps is typical of Mercury-Xenon arc lamps. The spectral distribution of

the lamps as installed in the SES has been measured and the results are reported
in Reference I. Table 1 is a tabulation of the spectral measurements obtained.

The data presented by Table 1 are considered to be valid for Experiment I-b

and do not change significantly throughout the life of the lamps. Paragraph
3.6.1 presents a discussior of the methods used during ExperL_ent Ib to

compensate for the spectral mismatch of the solar simulator lamps with the
sun. Figure 6 presents the measured distribution of simulated solar flux over

a plane in the SES at the point where the test specimen was located. The

measurements presented by Figure 6 were obtained by scamming the test plane
with a certified thermopile (Eppley Serial No. 5380) which was purchased for

the solar source calibration. The measurements were made immediately before
the conduct of Experiment I-b.

9
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TABLE I

SPECTRAL ENERGY DISTRIBUTION OF 2.5 KVA _RCURY-XENON

(HAMO¥1A) SOURCES AS INSTALLED IN THE LTV.SOLAR

SIMULATOR

Wavelength

Band, Millimicrens

--. ,..,, +

< 260
260
260-70
70-80
80-90
290-300
300-10
10-20

20-30
30-40

40-50
50-60
60-70

70-8O

80-90

390-_O
boo-zo
10-20

20-30

30-40

ho-5o
50-60
60-70
70-8O
80-90
490-500
5oo-1o
iO-20

20-30

30-40

ho-5o
550-60

S G_tx'ce I

__ h {

Energy in Band, Wavelength Energy in Band,

Milliwatts/cm z iBand, Milllmicrens Milliwatte/cm z

__ I __ 11 -- m --
+

(0.5)
1.0

1.5
1.7
2.0

2.5
2.6

0.4
1.2

0.2

0.4
3.6

3.5
0.3
0.2

1.7
0.2

0.3

3.4
0.2

0.2

0.i

0.I

0.I

0.2

0.I

0.i

0.I

0.2

2.5
0.3

560- 70 O.2
70-80 2.7

80-90 2.2

590-6oo 0.2
600-10 O.1

10-20 0.6

2O-30 O. I
30-40 O. 1

_ 4o-5o o.1
50-60 o.1
60-70 0.i

70-80 i.I

80-90 0.4
690-7OO O.1

700-750 0.5
750-8oo 0.4
800-850 o.7
850-9oo 1.o
9oo-950 0.9
95O-lOOO 1.o
i000-ii00 2.0

1100-1200 i.8

12OO-13OO O.9

13oo-ihoo z.9
1400-15oo o.b
15oo-16oo 0.5

, 1600-].700 0.5
, 1700-1800 0.5

1800-1900 0.2

"_19OO-2000 O. I

Total 49.8 % !

gV (380 mu and below) 18.1 36 +
vie (380-750 =u) 18.9 38 "
NIR (abeve 750 mu) 12.8 26

Measurements by Dr. A. J. DrmRemd, Eppley Laboratories, Newport,

Rhode Island

12
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3.3.2 SPECIAL TEST EQUIPMENT

3.3.2.1 Thermal Dumm_

The space suit used for Experiment l-b was worn over a thermal

dummy throughout the test. Figures 7 and 8 show two views of the dummy.
The d_m,y is heated in order to simulate the sensible metabolic heat of a

man and also allows duplication of suit ventilation flow patterns in the
suit. The dummy is constructed such that the conductance of th shell
approximates the average conductance of human skin (7 BTU/hr ft_ OF).

The thermal dummy was manufactured by the Sierra Engineering Company

of Sierra Madre, California. It is constructed in a phenolic-fiberglass
laminate shell with articulation of the head, shoulders, hips, knees and

ankles. Access is provided to the inside of the head and torso. The dummy

conforms to a 15th percentile man. Each body segment has an individual electrical

resistance heater circuit so that power can be supplied and controlled individ-
ually to each of the segments. A thin copper plate is formed into the fiber-

glass shell to insure an even distribution of heat over the surfaces of the

dummy. Unheated hands and feet were used during Exper_.nent l-b.

3.3.2.2 Earth Emission and Albedo Simulator

The earth's albedo and thermal radiation were simulated by a dished
aluminum reflector (earth simulator) located opposite the test plane from the

solar lamps. Figure 1 is a photograph of the test installation showing the

earth simulator on the left. Strip heaters electrically insulated with glass

tape were attached to the back as shown in the photograph and were used to
control the earth simulator temperature and therefore its thermal radiation.

The reflected solar energy from the earth was simulated by painting the side

facing the lamps with paint of appropriate reflectance. Figure 9 is a photo-
graph of the back of the suit showing the earth simulator rotated 180 ° from

its normal position so that it is between the suit and solar lamps. In this

photograph the painted side faces the front of the suit and its dull gray

appearance can be compared with the shiny, bare aluminum, simulated spacecraft
surface at the right. The paint used on the earth simulator was Cat-a-Lac

Thermoflect 463-3_I TRS 5569 (manufactured by Finch Paint C_apar_). This

paint has a total reflectance of 0.32 in the SES lamp spectrum and a reflectance

of 0.45 in the solar spectrum. A reflectance of 0.35 is generally accepted

as the average reflectance of the earth (Reference 2).

3.3.2.3 Spacecraft Surface Simulator

The curved surface shown at the right of Figure 9 was used in the
_valuatlon of the effects of direct contact between an extravehicular suit and a

spacecraft surface. The surface has the curvature of the Gemini spacecraft
adapter section and can be acutated to move against the suit (Figure iO) or be

retracted from it. The desired temperature of the simulated spacecraft surface

can be obtained by supplying electrical erergy te its electrical resistance

heaters or by allowing it to cool by radiation te the S_S cryswalla.

16
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Movement of the spacecraft surface simulator is accomplished by
the pneumatic cylinder mechanism shown on Figure II. The force exerted

against the suit is determined by the amount of compression in a specially

designed spring in the actuating mechanism. Prior to the beginning of testing
the force required is preset into the actuating mechanism by bringing the

spacecraft surface in contact with the suit and adjusting the amount of

travel. The mechanism was adjusted prior to Experiment I-b such that the

force exerted against the suit by the simulator was approximately fifteen
pounds.

3.3.2.4 Specimen Rotation

The gear and rack drive mechanism shown in Figure 12 was operated
by air cylinders and allowed rotation of the suit through an angle of
approximately +_190°. The suit rotation mechanism and earth simulator were

supported by an overhead beam attached to the top of the chamber as shown

in Figure 1. The simulated spacecraft surface was supported by the welded
aluminum base shown in Figure 13 which fastened to rails in the bottom of
the chamber.

3.3.2.5 U,s su ly

The open loop gas supply system used in the test is shown
Schematically in Figure 14. Two nitrogen supplies were provided; one for
operation and the other for suit leakage testing. The main supply of nitrogen
was regulated to atmospheric pressure then passed through a heat exchanger
where its temperature could be railed or lowered as desired before entering
the suit. The suit exhaust was dumped to the atmosphere vacu_un pump. A suit
vent line was provided to prevent suit overpressure during pumpdown. During
pumpdown, valve B (Figure 14) is open opened to allow the suit to vent into

the chamber. As operating pressures are approached, valve B is closed, valves
A and C are opened, and the suit exhausts completely through the vacuum pump
with positive flow through the system. Durir_ suit leakage testing valves
A, B, and C are closed, valve D is opened, and the flow is measured. Valves

E and F are mar_ally controlled to provide the desired suit inlet gas temperature.
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3.4 I_BTRbI_E_TATION

Instrumentation was selected for Experiment l-b which would:

(a) Provide suit test data required to make the evaluations

and determinations stated by the test objectives in
paragraph 3.1;

(b) Determine the degree to which the tests simulated the

actual orbit conditions represented by the test points;

(c) Monitor the progress of the test and the facility operation.

This section of the report describes the measurements that were made, data

acquisition equipment, measurement and recording techniques, and an error

analysis of the data as recorded.

3.4.1 MEASUREMENTS ON SUIT AND THERMAL DUMMY

Temperatures - The suit and dummy were instrumented for temperature
measurements On the'dummy surfaces, constant wear garment (underwear) s inside

and outside suit surfaces, selected interlayer locations, and on the helmet.

The measurement locations were selected to provide data on suit hot and cold

spots, material performance, thermal dummy temperatures and control, suit

thermal response, and the effects of mission and configuration variables.

Figures 15 through 18 and Table II present a complete list and

description of the temperature measurements with their corresponding recorder

channel rannber. The locations presented by Table II were coordinated with
the contract technical monitor.

All temperature measurements on Experiment l-b were made by

copper-constantan thermocouples. All thermocouples, except those used for
ventilation gas temperature measurements, were constructed of forty-gauge

wire (0.003 in. diameter) and beaded by a resistance welder. Forty-gauge wire

was utilized for the thermocouples in order to minimize the effects of

possible measurement error due to thermal conduction along the lead wire to

or from the Junction.

Thermocouples located on the outer fabric surfaces of the suit

were sewn into the material and secured with the Junction in contact with

the fabric. The thermocouple Junctions were painted with Finch Paint Co.
"Cat-A-Lac" white paint previous to installation. This paint has emissive

properties comparable to the HT-I suit cover and was applied in order to
reduce possible temperature errors resulting from differences between the

emissive properties of the thermocouples and the surrounding fabric to which
they were attached.

Thermocouples located on the _C-2 suit superinsulation were

attached by aluminized mylar tape. The thermocouples on metal surfaces were

attached by electric welding where possible and Humiseal cement was used for
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I

I

I

I

I

I

I

i

LOCATION COIE:

CHAN. CODK

NO.

I 1-1

2 1-2

3 1-3

4 I-4

5 1-5

6 I-6

7 I-7

8 I-8

9 I-9

I0 I-lO

II I-II

12 1-12

13 1-13

I-l_

TABLE II

EXPERIMEfE l-b THERMOCOUPLE LOCATIO_

I - Inside Pressure Garment

IL - Thermal Garment

S - Exterior Surface of Thern_l Garaent and Helmet

LOCATION AND REMARKS

Front of helmet disconnect bearing

Back of helmet disconnect bearing

Front of right glove disconnect bearing

Back of right glove disconnect bearing

Interior of pressure suit between bio-cemaunicatior_

connecter and blood pressure fittin E

garment, under front buckle on horizontalConstant wear

harness strap

Constant wear

thernmcouples

Constant wear

thermocouple s

Constant wear

under harness

Constant wear
under harness

garment in area of suit interlayer

on front of suit coded IL-1 - Open during test

garment in area of suit interlayer

on upper back ceded IL-2

garment at upper, right_ front thigh -

garment at upper, right, rear thigh -

Helmet at back, between helmet pad and helmet outer
shell on days #1 and 2. On day #3, helmet bearing at
right side under _ right ear

Helmet pad hetween duly head and pad

Helmet on metal surface at front near microphone

Constant wear _aent at back in area of suit interlayer -

t_llrlm_e -lower, left, back



CHAN.

NO.

15

16

17

18

19

CODE

1-15

1-16

1-17

1-18

1-19

TABLE II (Contimled)

LOCATION AND _MARKS

Cotton glove on end of index finger

Cotton glove on end of little finger

Cotton glove on back of right hand

Constant wear garment in right knee cap area

Constant wear garment in left knee cap area

2O 1-20 Inside pressure suit on interior side of suit pressure gage

21 1-21 Sock on bottom of right foot

22 1-22 Outer left side of left boot at sole and super
insulation interface

23

24

1-23

1-24

Sock on top, front of right foot under boot

'"lacing" zipper

Sock on bottom ofleft foot

25

26

27

1-25

1-26

1-27

Constant wear garment on upper left chest

Constant wear garment on upper left back

Constant wear garment in right chest area under

harness

28 1-28 Constant wear garment in right back area under
harness

29 1-29 Interior, center of helmet visor

N_: Thermocouple Numbers 30 - 43 and 45 - 59 were

located on the dummy surface in the following
lecations:

3O

31

32

33

3_

35

1-30

1-31

1-32

1-33

1-34

1-35

Outer,

Upper,

Upper,

Front,

Outer,

Front,

upper, right arm (shoulder)

right chest area

left chest area

upper, left arm

lower, right arm (elbow)

lower, left arm
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I
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CHAN.

NO.

36

37

38

39

bO

43

hb

_5

46

U7

48

49

5o

51

52

53

5_

55

CODE

1-36

1-37

1-38

1-39

1-40

1-41

1-42

1-43

I-_

1-45

1-46

1-47

_-h8

1-49

IL-l-b-I

IL-l-b-2

lL-l-c-2b

IL-l-c-2d

IL-l-c-2f

XL-l-c-I

TABLE II (Continued)

LOCATION AND REMARKS

Front, upper, right thigh

Front, upper, left thigh

_Front, lower, right shin

*Front, lower, left shin

*Back, upper, left arm

*Upper right back

Under right shoulder blade

Back, left, lower arm

Inside helmet on visor near reflector used for visor

frosting indication

Lower left back in area of suit interlayer

thermocouples coded IL-3

Back, upper, left thigh

Back, upper, right thigh

Back, lower, left leg

Back, lower, right leg

.... -- _ , _ Jl,

IL-I interlayer temperature measurements in upper,

left chest area, under harness

Exterior side of nemex felt - open during test

Interior side of noaex felt - open during test

Exterior side of second layer of aluminized mylar -

open during test

Exterior side of fourth layer of aluminized mylar -
open during test

Exterior side of sixth layer of aluminized mylar-
open during test

_etwsen interior layers of nylon cloth, open on days #1

and #2. On day #3, this channel was used to monitor a

thermoceuple on the suit front surface near the helmet

hold - down pulley
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CHAN

NO.

56

57

5e

6o

61

62

63

64

65

66

67

68

69

7O

71_

72

con_.

TAN II (Couti,med)

LOCATION AI_) REMARKS I

IL-2-b-I

IL-2-b-2

IL-2-c-2b

IL-2 interlayer temperature measurements in upper,

left, back area, under harness

Exterior side of nomex felt - open during test

Interior side of nomex felt

Exterior side of second layer of aluminized mylar -

open during test

Exterior side of second layer of aluminized mylar

IL-2-e-I

IL-3-b-1

IL-3-b-2

lL-3-c-2b

IL-3-c-2d

IL-3-c-2f

Exterior side of sixth layer of aluminized mylar -

open during test

Between interior layers of nylon cloth - open during test

IL-3 interlayer temperature measurements in lower, left

back area, not under harness

Exterior side of nomex felt

Interior side of nomex felt

Exterior side of second layer of aluminized mylar

Exterior side of fourth layer of aluminized mylar -

open during test

Exterior side of sixth layer of aluminized mylar - open

during test

IL-3-e-I Between interior layers of nylon cloth

Thermocouple No. 68-94 are located on the suit surface as
follows:

S-I Front, upper, left chest area under harness - Note:

Exposed during test due to harness distortion

S-2

S-3

s-5

Back, upper, left area under harness

Front, upper, right, thigh area, under harness

Back, upper, right, thigh area under harness - Notes

Exposed due to harness distortion

Front, right, chest area under harness



l

I

CHAP.
NO.

73

7!,

75

76

77

78

79

80

81

82

83

84

85

87

88

8_

9O

91

92

93

94

95

s-6

S-7

S-B

S-9

S-lO

S-If

S-12

s-13

s-14

3-].6

S-17

S-18

S-19

S-20

S-21

S-22

S-32

S-2h

s-25

s-26

S-27

G-I

TAN_ ZZ (cm_tiuued)

LG_APIO_ AID RF__ARICS

Upper, right, back area under harne_._:

Upper, outer, right arm (shoulder)

Lower, outer, right arm (e!bo_)

Front, upper, right arm

Upper, right c.hest

._SA insignia patch, upper, left chest

Front, upper, left arm

Front, lower, heft arm

Front, right, thigh

Front, left, thigh

Front, left shin

Front, right, shin

Back, under right shoulder blade. Note: This thermo-

couple was no _ood. It indicates as increasing temperature

when temperature is decreasing and vice-versa. The Cu-Cn

leads were reversed at a Junction.

Back, upper, left arm

Back, lower, left arm

Upper, right, back

Lower, left, back

Back, left, thigh

Back, right, thigh

Back, lower, left leg

Back, lower, right leg

Back, exterior helmet shell

Suit "nitrogen out" temperature #I, 24 gage thermocouple

connected in parallel with thermocouple #128 on day #I

only.
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CHAN.

NO.

9?

98

99

1OO

IO1

102

103

lO4

109

IIO

IIi

112

113

n4

115

116

117

118

CODE

G-2

A-I

A-2

A-3

A-4

A-5

A-6

SPC-I

SPC-I

W-I

W-2

W-3

w-4

w-5

w-6

TABLE II (Continued)

LOCATION AND REMARKS

Suit "nitrogen in" temperature #I, 24 gage thermocouple
on days #I and #2.

36 gage thermocouple on day #3. Connected in parallel

with tbermocouple #127 on day #I only.

Top, right albedo simulator back.

Top, left albedo simulator back

Left, center albedo simulator back

Bottom, left albedo simulator back

Bottom, right albedo simulator back

Right, center albedo simulator back

*Near top of spacecraft simulator, used on day #3 only

*Near center of spacecraft simulator, used on day #3 only

NOTE: Channels 105 - 108 were not used

during this test

*SES Chamber Walls

*SES Chamber Walls

*SES Chamber Walls

*SES Chamber Walls

*SES Chamber Walls

*SES Chamber Walls

Mounted near 1-31 with fiberglass tape

Mounted near 1-45 with fiberglass tape

Thermopile inlet water

Thermopile outlet water
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I

I

TU ,E ZI

C}IAN. CODE LOCATION AND RF_MARF_NO.

119 Open - Not used

120 S-28 Outside surface of pressure visor

I 121 Outside surface of gas inlet thermocouple manifold

122 Outside surface of gas outlet thermocouple manifold

i 123 IL-4 Nomex felt at back of right leg

124 IL-5 Nomex felt at front of right leg

125 IL-6 Nomex felt at front of right arm

II 126 IL-7 Nomex felt at back of right shoulder

127 *Suit "nitrogen in" temperature #2 24 gage thermocouple.

Connected in parallel with thermocouple #96 on day #I only
(D_nstream from thermocouple #96)

128 *Suit "nitrogen out" temperature #2 connected in parallel

with thermocouple #95 on day #I only. 24 gage thermocouple

days #I and #2. Changed to 36 gage thermocouple on day

#3 (upstream from thermocouple 95)

*On 32°F reference junction, all others on 150°F

reference Junction.

1
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attaint on the thermal dummy and fabrics inside the suit. Visor and

helmet ther_c_ples wore secured by transparent Scotch tape.

i r_ The theraocouple recording system is shown in diagram form
in Figure 19.

Pressures - Suit pressures were measured during this test to
provide both suit gas flows and a history of pressure within the suit.
Pressures were measured at the suit inlet and in the visor area while a

differential pressure across the inlet and exit were measured.

The suit inlet pressure transducer (Dynisce Medel APT 25-10) was

meunted en a manifold in the nitrogen inlet hose at a point near the entrance
to the suit. The temperature of the in_et nitrogen was sufficiently high

te k_p the transducer temperature within its specified tempera tore ran_.
of -6_F to +30OUF. The helmet pressure transducer, also Dynisco APT 25 10,
was cemented under the chin of the duneay with Densifeaa cement. The
telperature inside the helmet was within the specified operating temperature
range of the transducer. The suit pressure drop transducer (Dynisco Model
PT 14-O5) was connected between the inlet gas manifold and the outlet gas
manifold. A strip heater was installed on this transducer to maintain the
te_erature of the transducer within its specified operating temperature
range of -6_°F to +300°F. Each of the exposed pressure transducers was
wrapped with superinsulation to reduce radiant heat loss to the chamber walls.

The pressure transducers incorporate a miniature unbonded strain

gauge in the configuration ef a four active-arm resistive wheatstene bridge.

The output voltages of the three gauges were connected to a bridge balance

box which served to zero the gauges at some reference pressure. The signals

from the bridge balance box were recorded by a CEC Model 5-123 recording

oscillograph which provided a continuous record of suit pressures throughout t

the test. Figure 20 shows a hleck diegraa of the suit pressure i_strwmenta1_ien.

Suit Leakage - The suit leakage to low vacuwa environment of e_bit
must be determined to ascertain the eaa_e_JNe capability tn c_bit. This test
arrangement utilized a Hastings-Radist LF-IO00, 0 to IOOO s_6m_mass fle_eter
installed in a suit feed line (Figure I_) to deternine the suit leakage.

An additional indication of leakage which might develop during the course of a
teat was provided by six Phillips cold cathode ionization _ages (CEC Model

PHO-O26) mechanically pesitiened around the exterior of the suit. These gauges
were ceded and positioned as follows:

P-I - Zipper in crotch area.

P-2 - Bisaedical connector.

P-3 - Right wrist disconnect bearing.

P-4 - Left wrist disconnect bearing.

P-5 - _la_t disconnect bea_Ing.

P-6 - Zipper area eu beck.
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These gauges were positioned to indicate the general area of leakage about
the suit rather than indicate on exact leakage value.

Suit Gas Flow - The suit flow was continuously monitored and
controlled by the su_t flow system (Figure 14). The measurement of the flow

of conditioned nitrogen to the suit was accomplished by using two flowmeters
in series. A Fischer-Porter 36" laboratory type rotameter was utilized

as the basis of flow control. In addition a National Instrument Laboratory
Vol-O-Flow Model 10-1-15 flowmeter with a digital voltmeter readout was

utilized to measure suit flow rate in actual cubic feet per minute based on
the suit inlet pressure and temperature.

Relative Humidity and Visor Frosting - Relative humidity and
visor frosting indications were included in this experiment to determine
both the extent and possible effect of visor frosting during the various

erkit cenditions. A relative humidity set-or (Johnson Service Company

Model WQ 9140 A) was installed in the water vapor inlet line to detect the

relative humidity of the water vapor injected into the helmet. Water vapor
(steam) was produced in a small container outside the SES and fed through

copper tubing to finally impinge on the he_t visor. The relative humidity

detector measured the relative humidity of the water vapor present while a

light-photocell and mirror arrangement was used to detect any change in the

reflection of light from the visor. The presence of such a change was an

indication of visor frosting.

Energy Input to Visor - The measurement of energy passing into
or out of the helmet visor is m6st essential to the thermal evaluation of the

space suit assembly. To assist with this evaluation, an Eppley thermopile

was mounted in the head of thermal dummy facing the visor. Cooling water for
the thermopile was supplied by circulating water lines from outside of the
chamber.



3.4.2 FACILITYINSTRUMENTATION

The SESinstrumentation acquisition and recording system is

designed to control system operation, collect data pertinent to the test,

and supply recorded data suitable for reduction and analysis.

The recording devices utilized for acquisition of data during
the test included:

I. Oscillograph: 50 channel direct writing CEC Model 5-123.

2. Recorders: Brown multipoint, 24 channel.

3. Digital Voltmeter: Cubic 300 channel with automatic

print out.

Instrumentation feed-throughs in the chamber walls accomodate

the following numbers and types of thermocouples.

I. 198 copper-constantan.

2. 108 iron-constantan.

3. 72 chromel-alumel.

Feed-throughs are also provided for cooling water, gas flow and power into
the chamber. Vacuum measurements are continuously monitored and far such

measurements the following instruments are available.

I. CVC GMA-140 Magnevac. (Range 760 mm to 10"3 mm Hg).

2. CVC GIC-IOO Ionization gauge. (Range 10-3 to I0-I0 mm Hg).

3. CVC PHG-9 Phillips gauge. (Range 0.5 %o 10 -3 mm Hg).

4. CVC GM II0 McLeod gauge. (Far vacuum calibration).

A CEC Model 24-120 mass spectrometer is used for vacuum leak detection.

3.4.3 DATA REC0_DI_

The data collected during this test included:

a. Mara_l hand written data.

b. Digital voltmeter automatic print-out data.
c. Brown recorder data.

d. Oscillograph data.
e. Pressure recorder data.

f. Leg beek data.

_2



Correlation on these various items included test point designations and
time and date• The raw data has been reduced and assembled in Appendix A

of this report•

3.4•4 DATAACCURACY a
The following is summary of the accuracy of the data measure-

ments made during this test•

• Temperatures (inside suit): + 1.7°F.

. Temperatures (outside of suit)" _ 3.1°F• _ recording

error plus thermocouple installation error•

. Suit ventilation gas temperatures: + 3°F.

• Suit Pressures.- _+ 0.15 psi. .

• Suit ventilatie_ gas flow rate. + 3% of indication.

. Suit leakage rate.- _+ 2.1%.

• Local SES pressures (ionization gauges). + 15% of

indication (estimated).

. Relative humidity in helmet area: + 10%.

• Visor frosting indicator, qualitative measurement.

. Energy in visor: instrument accuracy estimated at

_+1.5 .

A derivation of the accuracies presented above and a discussion of thermo-

couple attachment errors are presented in Appendix B of this report•

3.5 D_SCRIFTION OF TESTS

Experiment I-b was conducted in three parts (three days of tests)
on November 5, 9 and 12, 1964. The test was conducted according to the test
plan (Reference 3) and was completed approximately as planned. During

each of the three days of tests, the suit configuration was changed in order
to evaluate the effects of:

(a) Clear versus tinted helmet visor.

(b) Compression of parachute harness.

(c) Exposed and uninsulated helmet versus a completely

covered helmet.

(d) Insulated boots•

(e) Ir_mlated veraus unineulated suit gloves.



(f) Proximity of and contact with a spacecraft surface.

(g) Heated versus unheated dummysurfaces.

The test points conducted included a variety of suit/environmental conditions

with the three test configurations including minimum temperature cold soaks,
maximum combined orbital heat fluxes and a simulated moving orbital condition.

Table III summarizes the tests performed and a description of the

specimen during each of the three test days. Figures 3, 21, 22 and 1 show

the specimen in the test position for the first, seconc and third days of test,
respectively. Figure 23 relates position and time of the suit and flux sources

during the simulated orbit tests performed on November 12, 1964, (test points

5 and 6).

3.5.1 TEST PROCEDURE

Reference 3 (Test Plan for Experiment I-b) outlined the test

procedure that was followed throughout the testing. Table III presents the

sequence of test points that were performed.

3.6 VARIANCES

3.6.1 SOLAR SOURCE

The solar simulation provided by the SES lamps differs from the

true solar in three respects: (i) spectral energy distribution, (2) energy

flux distribution and (3) collimation. The spectral distribution of these

lamps is typical of Xenon or Mercury-Xenon lamps in that a large percentage

of the ezergy is at shorter wavelengths than solar energy. The spectral

distribution of the solar lamps as installed in the SES has been measured by

E_ley Laboratories. The results of these measurements are presented in Table
I and in Reference I.

The effects of a spectral mismatch between the S_S solar source
and the sun is a function of the spectral characteristics of the surfaces

being irradiated. For example, if the reflectance of the surface is

relatively constant over the range of about 0.26 to 1.5 microns, the absorp-
tance of the surface to SES solar radiation will be the same as for the true

solar. However, if the reflectance of the surface changes significantly
in this band (especially near the center of the solar spectrum), the SES

absorptance can be significantly different from true solar absorptance. This

latter case applies to the HT-I nylon outer cover of the Gemini extravehicular

suit. Figure 24 shows reflectance versus wavelength for HT-I nylon. The

absorptance of the r_lon to the SES or solar spectrum was determined by first
computing the reflectance and then solving for the absorptance from the
equation

_-1-_
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FIGURE 21 GEMINI SPACE SUIT ASSEMBLY INSTALLED IN L T V  SPACE ENVIRONMENT 
SIMULATOR (TEST DAY #2) 
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FIGURE 22 GEMINI SPACE SUIT ASSEMBLY INSTALLED IN L T V  SPACE ENVIRONMENT SIMULATOR 
SHOWING POSITION OF LEFT LEG (TEST DAY k 2 )  

I 
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where the transmittance is assumed to be zero. The reflectance was
calculated by a computer program which evaluates the following expression-

Wtiere

/_ = reflectance at wave]ength

E_= monochromatic emissive pewer

The limits of integration are chosen as appropriate te the spectrum being
considered, i.e. SES or Solar. The computer program inputs include material
reflectance data from Figure 23, the Johnson data for the solar spectrum
(Reference 4) and the data shown in Table I for the SES lamp spectrum. The

absorptances of the nylon outer cover to the SES and solar spectrums were
computed to be as follows:

C_S = 0.273

O_sola r " 0.497

In order for the suit to absorb approximately the same amount

of energy, whether exposed to the SES lamps or true sunlight, the following

relationship must be maintained:

o_
O_S SSES " Solar Ssolar

SSES - flux at test plane of SES

Ssola r - solar constant (443 BTU/hr ft2)

The required flux at the test plane is than calculated to be

SSE S - SSola r C_Solar
_SES

SSEs (.55)
(.497)

SSES " 243 BTU/hr ft2
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However, for stable operation, the SES lamps cannot be operated

below a flux of 288 BTU/hr ft2 (or 65% of the solar constant). This lamp

power setting was employed during the tests resulting in a higher heat

absorbed during the experiment than would actually occur in space.

Flux distribution at the test plane was measured before and after

the test using the thermopile described in paragraph 3.3.1. The results of
these masurements are shown in Figure 6.

Collimation of the SES lamps varies from 0 to 13° whereas rays

from the sun are essentially parallel. However, the cones formed by rays

fraa the different lamps intersect in front of the test plane. This helps

to smooth out the flux distribution. Because of this overlapping, collimation
variances are not considered to be significant.

3.6.2 THERMAL AND ALHEDO SIMULATION

Accurate simulation of earth thermal and albedo radiation depends
on the configuration or view factor between the earth simulator and the

test plane and the radiant heat transfer properties of the earth simulator.
The variances in SES simulation of earth thermal and albedo radiation are
discussed in this section.

The view factor from the test plane to the earth simulator has

been calculated to be approximately 0.81 as shown by the analyses included

in Appendix C. Reflectance measurements for the earth simulator paint, as
measured by a Gier-Dunkle Integrating Sphere Reflectometer are shown in

Figure 25. The reflectance of the paint for the SES lamp spectrum was then

computed to be approximately 0.32 using the computer program described in
paragraph 3.6.1.

The heat flux at the test plane due to the earth si_lator alhedo
(reflected energy) can be shown to be

I q'a _ F]o SSES
q'a .81 (.32) (288)

q'a = 75 _
hr. ft2

_er e•

F = View factor from test plans to earth simulator.

/o. Reflectance of earth simulator for SES lamp spectrum.

SSES - Flux at test plane from SES lamps, BTU/hr. ft 2.

51



i
........ i .....



The distribution of reflected energy from the earth simulator

at the test plane was measured using the thermopile described in 3.3.1.
Figure 26 shews the distribution in flux for a horizontal traverse at

different locations on the earth simulator vertical centerline. These 2
data indicate the maximum flux measured was approximately 55 BTU/Hr. ft
with the earth simulator parallel to the test plane. The variation in

flux as the earth simulator is rotated about the test plane is shown in

Figure 27 for a traverse along the test plane vertical centerline. These
flux measurements are believed to be somewhat lower than the actual flux

due to the Fresnel reflection of the quartz lens in the thermopile.

The maximum heat flux incident on a flat plate in a 200 nautical
mile earth orbit due to reflected solar energy from the earth is.

qa=FaS

qa" (o.9) (0.35) (443)

hr. ft 2

Where:

a = earth albedo

S - Solar constant, BTU
hr. ft. 2

F - Flat plate view factor

Reflected solar energy from the earth is generally assumed, for

calculation purposes, to be in the same s_.ctrum as the sun. If the same
assumption is made for the earth simulator, that is, reflected energy from

the earth simulator is in the same spectrum as the solar lamps, then the

required earth simulator reflected energy (at the test plane), is:

q'a " 139 _solar
c_ SES

.273

q'a - 139

q'a - 139 (0.55)

q'a = 76 BTU ^
hr. ft z

for accurate simulation of true space conditions. Therefore, the required
flux at the test plane is calculated to _ 76 BTU/(hr. ft. ) ar_ the actual
flux is calculated to be 75 BTU/(br. ft. ) based on physical dimensions
and measurements of SES lamp heat .flux and earth simulator reflectance.
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Simulation of the earth's thermal radiation is accomplished by

controlling the earth simulator temperature. The heat flux at the test

plane due te thermal radiation from the earth simulator at a temperature of

70°F can be calculated as follows:

q'e = F_6T4

qe " (o.81) (o.60)(o.171 3xlO"8) (530)4

qe -67 BTU
hr. ft. 2

Where •

F - View factor from test plane to earth simulator.

6- Emittance of earth simulator

d = Stefan-Boltzmann constant

T -Temperature OR

In a 200 nautical mile earth orbit the maximum heat flux incident

on a flat plate due to the earth's thermal radiation is:

qe " F _ T4

qe " (0.893)(o.1_3xlO"8) (454)4

%=64 B_
hr. ft.'2

(This assumes the earth to emit as a black body at -6°F, Reference 2).

Therefore, the thermal radiation from the earth sinmlator is
calculated to be 67 BTU/(hr. ft. 2) at a temperature of 7OeF and the thermal
radiation from the earth incident on a flat,late in actual 200 nautical

mile earth orbit is calculated to he 64 BTU/(hr. ft.2).

3.6.3 CHAMBER AND WALLS

The SES chamber and wall geometry as compared with actual earth

orki_ introduces relatively minor variances in the space sinmlation test

program. The solar flux reflected by the rear wall of the SES to the test
specimen will be approximately 8.0 BTU/hr. ft. 2. The fraction o_ this energy

absorbed by the test specimen will be the product of the view factor and

the absorptance of the specimen surface. The value of energy transported
will be in the order of O.18 BUT/hr. ft. 2 or less than 1% of the direct flux

on the test specimen.

_6



The chamber walls radiate some energy to the test specimen.The emitted radiation of the black walls at the liquid nitrogen temperature
level is .36 BTU/ft. 2 hr or about 0.1% of the solar flux.

The openir_s in the liquid nitrogen cooled shroud for admitting
the solar flux to the chamber interior present another item of variance

when compared with actual earth orbital conductors. These twenty openings

in the cold wall have a total area of 13 square feet and are located
approximately 9 feet from the test plane. The view factor from these sources to
to the test specimen is approximately 0.024. The solar openings represent

a source temperature of approximately 250_F during lamp operation and havean effective of about 0.8. The flux incident on the test specimen will be

• Q/A (.I73 1o-8)(o.8)(o.24)(?1o)4.?.35 _
I I-b,,..ft. Z

Duri_ periods of simulated darkness, these sources will be at room temperature

and heat fluxes incident on the test specimen areless than 3 BTU/hr. ft_.These fluxes do not result in a significant variance when compared to the
test results.

3.6.4 PRESSURE

The primary potential variance attributable to the SES chamber

pressure is the effect of pressure on the thermal protective characteristics
of the space suit. The apparent thermal conductivity of superinsulations ,
is minimized and becomes essentially independent of pressure below, about i0 -_ ,B

I Hg, Figure 28. If the interlayer pressures of the suit exceed I0 n_ Hg

n-.

at any time, the thermal protective features of the suit become progressively
ineffective. The interlayer pressures of the thermal protective layers while
in space will be determined largely by the leakage rate of the suit through

I the. seals and With chamber belowpressure Joints. pressures remaining
10 "_ nB of Hg duri_ the operational portions of this experiment, the variance

due to chamber pressure is not believed to be significant. A plot of the

J obsmb_, prouuro durint the second test day is shown in Figure 5.
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4.0 RESULTS AND DISCUSSION

4.I RESULTS

Tabulated data for all three test days are included in Appendix A.
A brief description of each test day and test point is included with the

data. Temperature data have been reduced at intervals fromranging every
five minutes to every hour, depending on the length of the test point and

the test objective. The test day number and test point number are noted on

J each page and the time of day is given above each data column. Immediatelyafter the temperature data for each test day, thermal dummy heater power
and suit flow system data are tabulated.

J In Figures 29 through 37 selected temperatures have been plotted
for each test point and test day. Significant events occurring during each

test point, such as solar lamps on, are noted at the top of each figure.

J 4.2 DISCUSSION

i 4.2.1 SUIT TEMPERATURES AND PRESSURES

During this experiment, measured suit surface temperatures ranged
from approximately -200°F to +2OOUF. Table IV compares measured suit surface

J temperatures with calculated values for actual earth orbit. The higher
measured temperature facing the sun resulted from the flux at the test plane

being a_reximately 65% of one solar constant, (Figure 6), compared to the
required 55% calculated from the ratio of solar and SES aboorptances as

outlined in Paragraph 3.6.1. During the sinmlated dark part of earth orbit
(Test Point No. 2, Day No. 1) suit surface temperatures facing the earth
simulator varied from -26°F to -40°F in locations other than the one (lower
left back) given in Table IV. Therefore, the deviation from true space
conditions is probably not as large as would appear (4°F compared to -20 °)
in the Table.

In general, reproducibility of suit surface temperatures from one

test day to the next was good. For example, the suit surface temperature

in the upper right chest area varied only 3°F (from 142 to 145°F) when facing

the solar lamps on all three test days. Larger temperature variations were

noted on the arms and legs. Temperatures in these locations were affected

by peaks in the flux distribution at the test plane as shown in Figure 6,

and by the location of the ventilation gas lines and thermocouple harnesses,
Figure I.

Xn F_s. 29 through 31 measured suit surface temperatures in
the upper right chest and upper right back locations are plotted for each
teat point and test day. The variation in suit surface temperatnre in the
lower left back area is shown in Figures 32 through 34. These figures show

that the suit surface temperatures respond rapidly to a change in test
conditions, such as solar lamps on, and reach steady state within approximately
30 minutes. When the lamps are turned off, suit surface temperatures drop
rapidly at first but require two to three hours to reach essentially steady
state conditions.
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TABLE IV

COMPARISON GF MEASURED SUn' SUI_ACE T_P_A_JRES AND CALCULATED

VALUES FOR A 200 NAUTICAL MILE EA_fH ORBIT.

T_P _ATURE

(i) (2)
_mASU_ CALCUI_Tm

oF o_,

Suit surface temperature

facing the sun

Suit surface temperature

facing the earth (sun side)

6_ 67_*

Suit surface temperature

facing the earth (dark side)

Suit surface temperature

facing deep space

)4. -20

-184 -180"

(i)

C2)

Upper right chest and lower left back

- 0.57, C_sola r - 0.273 an_ flat plate view factors

Based on a total heat loss of l_O BTU/Hr. and an area of 29 ft2

Subsolar Point

69



Figures 32 through 34 show the temperature history of various

suit layers in the lower heft back area during the experiment. The effectiveness

of the superinsulatlon is demonstrated in these figures. For example, on
Day No. I from the end of test point No. 3 to the end of test point No. 5,

the suit surface temperature decreased 243°F (from 61°F to -182°F) while the

temperature of the interior mylon layers next to the pressure garment decreased

by approximately 45OF from 70°F to 25°F. During the entire experiment the
temperature of the interior nylon layers did not exceed +100°F or drop below

20°F. In general, the interlayer temperature variation shown in these figures
is as would be expected; that is, during cold soak, the temperatures follow

a steadily decreasing pattern from the interior nylon layers to the outer

surface of the suit. However, with the solar lamps on, the suit surface

temperature rapidly increases to a value higher than the nomex felt, Test

Point No. 3, Day No. i, Figure 32. The same situation holds true for Test

Point No. 3, Day NO. 2, Figure 33. In these test points it appears that the

nomex felt serves as a heat sink for the warmer interior layers and outer
surface.

The excellent duplication of conditions through simulated orbits

I and 2 is shown in Figure 34. Also this figure shows the temperature of
, v

the In_rior nylon layers varied from only approximately 65 to 90 F du_Ing
the two orbits while the suit outer surface varied from +15OVF to -126 F.

Suit inlet pressure, pressure in the helmet area and pressure

drop did not vary appreciably during the three test days. An analysis of

the data shows the following variations in these parameters during the

experiment:

Suit inlet pressure - 3.77 - 4.46 psla

Suit pressure in - 3.80 - 4.40 psia
helmet area

Suit pressure drop - .0812 - 0.115 psi

4.2.2 SUIT _._T}_AT BALANCE

The heat loss out of the suit or heat leakage into the suit at

steady state conditions can be determined by writing a heat balance for
the suit as follows:

QI + Q3 + Q4 -Q2 " 0
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Then

Where

QI = heat supplied by inlet gas, BTU/Hr.

Q2 = heat removed by outlet gas, BTU/_.r.

Q3 = heat transferred to ventilation gas from dummy,

Q4 = heat leakage into or out of suit, BTU/Hr.

QI + Q3 + Q4 = Q2

WCp ti + 3.413 P ÷ Q4 = WCp t o

Q4 " WCp (to - ti) - 3.413 P

w = gas weight flow rate, ib/hr.

Cp - specific heat at constant pressure of gas,
m_J/Ib oR.

to = outlet temperature of gas, OF.

ti • inlet temperature of gas, OF.

P - dummy heater power, watts (I watt • 3.413 BTU/hr).

Using the above equation heat leakage into or out of the suit
may be. calculated.

The heat loss for Test Point No. 5, Day #I (Figure 29) based on

conditions at the end of the test point can be calculated as follows:

Q - 13.7 (.2485)(74-67)- 3.413 (5o)

Q - 24 - 17o

Q - - _6 BTU/Hr.

The minus sign indicates a heat loss out of the suit. The heat

balance was set up so that a minus sign slways indicates a heat loss while

a plus sign indicates a heat gain (heat leakage into the suit). This value

is with the hood covering the helmet and visor.

With the hood eff and the dummy surface temperature controlled

with the dummy heaters (Test Point No. I, Day No. 2) the calculated heat loss
is as follows:
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q = 1_.6 (2485) (76-74) - 3.413 (87.5)

Q =-291 BTU/Hr.

Analysis of the data shows at least 50 BTU/Hr. of this total heat loss can

probably be attributed to the heat capacity of the dtt_ny. Also Figure 30
shows the suit surface temperatures are still decreasing, indicating steady

state conditions have not been achieved. A difference of only IO°F (-155 °

compared to -165°F) in average suit surface temperature can mean a difference
of 27 BTU/Hr. in the total heat transfer rate from the suit to its environ-
ment. Therefore a more realistic value for the net heat loss from the suit,

in this case, would be approximately 200 BTU/Hr.

Test Point No. 2, Day No. 2, Figure 30 is a cold soak condition
with the hood off where the dummy heater power was zero and the o_ny surface
temperature was maintained by controlling the inlet gas temperature. The
heat loss for this condition is

Q = 14.2 (.2485) (65 - lo4) - 3.413 (o)

Q --138sru/_r.

This heat loss is believed to be low because the Q_uay face

temperature could not be maintained at 8_F when the inlet gas temperature
was used to control the dummy surface temperature. In the two previou !
heat loss calculations the _y face temperature was approximately 83VF but
at the end of the above test point the face temperature was 27°F.

In a similar manner the net heat leakage into or out of the suit

at other test points can be determined. Calculated heat leakage data are

presented in Table V. These calculations show that the maxi_nm heat loss
out of the suit is 291 BTU/Hr, while the maximum heat leakage into the suit

is 18 HTU/Hr. under the conditions imposed during this experiment.

For a heat loss of 146 BTU/Rr. from the suit, the over-all heat

transfer coefficient or conductance, U, is

Q=UA_t

U m

u - o.o24 BTU

based on a suit surface area of 25 square feet, an average inner surface
temperature of 7B°F and an average suit surface temperature of -165°F.

If the visor and helmet are assmaed to contribute approximately 50 BTU/Hr.

to the total heat lose and have an area of 2 square feet, the conductance
for the suit alone is
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TABLE V

CALCULATED _ET SUIT

HEAT LEANA_

Test

Point

No.

5

1

3

Test Point Description

Cold soak. Hood covering helmet and visor.

D_ surface temperature controlled with

dummy heaters.

Cold Soak. Hood off and two 2(_# transmit-

tamce visors installed. Dummy surface

temperature controlled with dum_ay heaters.

Cold soak. Hood off and two 20_ transmit-

tance visors installed. Dum_ surface

temperature controlled with inlet gas.

Full simulation: Solar lamps on; earth

simulator on. Suit facin_ lamps with

hood covering helmetandvisor.

Full sinmlation. Suit facing lamps

with hood off and two 20% transmit-

tance visors installed.

Full simulation. Back facing lamps.

Hood off; two 20% transmittance visors

installed.

Full simulation. Suit facing la_s

with clear visor. Simulated space-

craft (180 °F) surface on right side

of suit.

Full simulation. Suit facing lamps

with clear visor. Spacecraft surface

(18o_) in contact with s_It.

Indicates a net heat gain

Indicates a net heat loss

Heat

Leakage
_ufRr.

-i_6

-291

-138

-25

+7

-18

+I_

+18
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u- O.Ol72 BTUA_r. ft 2 °F

which agrees with previous test results, (Reference 6).

4.2.3 _T HEAT GAIN OR LOSS THROUGH VISOR

C_paring suit heat leakage values with the suit facing the
lamps and the back facing the lamps, (Day No. 2, Table V) a change in heat
leakage from +7 to -18 BTU_r. is observed. This variation would indicate

the heat leakage through the two, 20% transmittance visors to be approximately
25 9TU_r. into the suit. Also Table V shows the suit net heat leakage

with the hood "on" is -25 BTU_r. (Test Point No. 3, Day No. i) while the

suit net heat leakage with the hood "off" is +7 BTU/Hr. (Test Point No. 3,

Day No. 2). This difference indicates a visor heat leakage of approximately
32 BTU/Hr. into the suit between the hood "on" and hood "off" conditions

with the suit facing the lamps and full simulation (solar lamps on, earth
simulator on) applied to the exterior of the suit.

Heat boss from the visor during the cold soak condition was
impossible to determine from the over-all suit heat balance. Hcuever, the

difference in power requirements for the heaters in the dungy head with the
hood on and hood off gives an indication of the beat loss. The total power
to the heaters in the dummy bead at the end of Test Point No. 5, Day No. 1
(hood on), was 5 watts. At the end of Test Point No. 1, Day No. 2 (hood off,
two 20% transmittance visors), the total power to the heaters in the head was
25 watts to maintain the same dummy face temperature. This 20 watt increase
is equivalent to about 68 BTU/Hr. Part of this energy is transferred to
the ventilation gas stream but the amount conducted through the visor and
radiated from the outside surface can be calculated from the visor ten_erature.

The temperature of the outside surface of_the pressure visor at the end of
Test Point NO. l, Day No. 2 was •bout 24 VF. Assuming the outer surface of
the outside tinted visor is 24°F (actually it would be less) and an enLittance

of 0.9 for the plexiglass, the heat loss from the 71 square inch visor surface
would be

q - _ O'AT4

- .9(.lU3x lO-s)(.493)( S4)

q. s /Hr.

This visor he, _ loss .dried _ the -146 _/Hr. total heat loss

calculated for test point No. 5, Day No. l, (cold soakl hood on) would result
in • total heat loss from the suit of

qtotal- -146 - (-42)

_ota_. -188 m_/_.



with the hood off and tinted visors installed. This value is in agreement
with the -200 BTU/Hr. suggested in Paragraph 4.2.2 for Test Point No. 1,
Day No. 2.

Therefore, these data indicate there is a net heat gain through
visor of 30-40 BTU/Hr. when facing the sun and a net heat loss of 40-50

BTU/Hr. when facing deep space.

4.2.4 VISOR FRO_T ING

On Test Day No. 2 the humidity in the helmet was increased and adeflection in the oscillograph trace, indicating a decrease in light intensity

to the photoelectric cell, was noted. The visor temperatures at this time

were below 32°F and the deflection was possibly an indication of visorfrostir_. However, although the deflection occurs at approximately the same

time as the increase in humidity, there is not always a good correlation

between increases in humidity and deflections of the oscillograph trace.

For a ventilation gas temperature of 85°F in the helmet area and a visortemperature belc_ 32OF, the relative humidity in the helmet would have to be

less than 14% for frosting not to occur. Relative humidity measurements as

high as 95% in the helmet area were recorded during this phase of the test

and although the data are not conclusive, visor frosting very likely did
occur.

4.2.5 THERMAL ADEQUACY OF SUIT

Except for the hands and feet, the suit would appear to be
thermally adequate. Figures 35 through 37 show the history of temperature

measurements at various locations on the feet and right hand during the

three test days. Temperatures near freezing or below were recorded for the

feet and unheated hand on Days I and 2 with maximam thermal inputs to the

suit from the solar lamps and earth simulator. Temperatures on the heated

portions of both arms and legs were approximately the same as the torso

temperatures at the various test points. Prior to Day No. 3 insulation was
added te the bottom of the left foot and an insulated mitten was added to

the right hand. The higher hand and feet temperatures recorded on the third

test day were influenced by both the added insulation and the radiation from

the simulated spacecraft surface. From the data it is not possible to

determine the contribution of each. Temperatures on the right hand increased

with an increase in temperature of the spacecraft surface, while temperatures

on both feet remain relatively constant. The temperature on the bottom of the

left foot is about 5-6°F higher than the bottom of the right foot; however,
the bottom of the left foot was observed to be warmer than the right foot

en previous days.

The 200-300 BTU/Hr. heat loss is lar_er "_n would be encountered
in actual earth orbit since the suit will always be receiving the earthts
thermal radiation. The slight heat leakage into the suit when facing the

sun should not pose a severe problem for the environmental control system.
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4.2.6 "HOT SPOTS" RESULTIU3 FRCM CONTACT WITH SPACECRAFT SURFACE

Contact with the 180°F simulated spacecraft surface did not

produce a significant increase in dun_uy surface temperatures in the contact
area. The total heat leakage into the suit may increase slightly (Table V,

Test Point No. 4, Day No. 3) due to an increase in local suit surface

temperatures but contact with the hot spacecraft surface did not create
a "hot spot" in the sense of excessive temperatures on the interior of the

suit.

Figure 38 shows the effect of mechanical loading on the apparent

thermal conductivity of various numbers of aluminized layers in a vacuum.
These data show that the apparent thermal conductivity of the layers increases

abruptly (possibly by a factor of IOO) with the initial application of load.
However, after the load reaches about 2 psi the apparent thermal conductivity

becomes practically independent of load and the maximum value attained is

low indicating that radiation is still the predominant mode of heat transfer.
Therefore, analysis of these data indicate that contact with a 180°F spacecraft

surface should not produce a significant "hot spot" on the suit.

4.2.7 SUIT _S LEAKAGE

Suit ventilation gas leakage was measured periodically during the

three test days and varied between 140 and 190 cc/min. The Phillips gauges
mounted external to the suit did not indicate the source of the leakage.

4.2.8 EFFECT OF COMPRESSION UNDER PARACHUTE HARNESS

During this series of tests the suit and dummy were partially

supported by the parachute harness thereby imposing a greater compressive
load under the harness straps than might ordinarily be experienced. Analysis

of the data shows no significant difference in temperature between points

on the dum_y surface in the area of the straps and those on the underwear
directly under the straps. The effect of harness compression on interlayer

temperatures does not appear significant based on measurements in the upper

left back area (under the harness) and the lower left back area (not under

the harness). For example, Test Point No. 4, Day No. 2, with the back of

the suit facing the solar .ol_ps, the suit surface temperatures at the above
locations are 132OF and 131 F respectively. _e corresponding temperatures
on the interior side of the nomex felt are I01 F and iOO°F, while the tempera^tures

on the exterior side of the second layer of aluminized mylar are 93°F and I06_F.

Temperatures with the back of the suit facing the earth simulator do not agree
as well because of the difference in view factor between the two locations

and the earth simm,lator

Suit surface temperatures under the harness are generally higher

than adjacent surface temperatures based on an analysis of measurements made

in the right chest and upper right back areas. During the cold soak condition
the suit surface under the harness may be as much as 50-60°F warmer than the

adjacent suit surface, due to the insulating effect of the harness. When
facing the solar lamps the surface under the strap is only about lO°F higher

than the bare suit surface. This slight difference could be due to a higher

absorptance for the harness material.
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5.0 CONOLUSIO_ & RECOMMENDATIONS

Based en the results of this experiment the following is concluded

with regard to the performance of the Gemini Extravehicular Suit under the

test conditions imposed:

1. Suit surface temperatures should not exceed +200°F or be
colder than -200oF during a near-earth orbit. Pressure in the helmet area
is about 0.06 psi less than the suit inlet pressure (3.7 psia nomirA1).
Total suit pressure drop is approximately O.1 psi at 11.5 ACF_ (3.7 psia,

2. Maximum heat loss from the suit should not exceed 250 BTU/Hr.

heat leakage into the suit is approximately 20 BTU/Hr.

3. Heat leakage through the visor is approximately 30-_O BTU/Hr.

into the suit when facing the sun and about _O-_0 BTU/Hr. out of the suit

when facing deep space.

_. Visor frosting is possible when the visor faces deep space

as visor surface temperature drops below the freezing point. When facing

the sun, visor surface temperatures are approximately 90-IOO°F and condensation

is net likely to occur.

5. The suit is thermally adequate except for the gloves and boots.
Irmulation shsuld be added to these locations.

6. Contact with the 180°F simulated spacecraft surface did not

produce "hot spots" on the interior of the suit.

7. Suit ventilation gas leakage should not exceed 200 cc/n_n.

8. Compression under the parachute harness does not result in
"hot spots" on the interior of the suit.
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TEST DAY NO. 1

HOOD CO_I_Q HELME_

AND VISOR. SUIT SUPPORTED

FROM TIEDOWN CABLE.

PROTECTIVE _0_ ON RI(ET HARD
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dlEHINI EXTRA_v_HIClfL_IR SUIT TEST

_,_T POIKg I,I0 3TEST DAY I'D. i " "° DATE 9 Nov. 196_
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CE_MINI EXTRAVEHICULAR SUIT TEST

EXPERIMENT Ib

TEST DAY NO, I TEST POINT NO 3 DATE 9 Soy. Z964
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GEMINI EXTRAVEHIr;ULAR SUIT TEST
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GEMINI EXTRAI_HIC[VLAR SUIT TEST

_gX_RIH_ N_ Ib

TEST DAY _]O.i TEST POIt_f NO 3

TF_4I_RATURE OF

DATE 5 xov. ag_
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TEST DAY NO. i

TE_f POII_I' NO. 4

SOLAR SIMJIAT_ON ON

EI(_T SIDE dF SUIT; EARTH

SIMULATION ON L_T SIDE.
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C_MIi_ EXTF!F.*'[x.]C'{_[ARSUIT TZST
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G_4INI EXTRAVEHICULAR SUIT TEST

EX_RIME HT 1%

TEST DAY NO. 1 TEST POINT NO. 4 DATE 5 No_mber 1964
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GEMINI EXTI%AVEHICULAR SUIT TEST

EXPERIMENT 1%

TEST DAY NO. 1 TEST POINT NO. 4 DATE 5 November 1964

TEMPERATURE °F
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GEMINI EXTI_AVEHIC[EAR SUIT TEST

TEST DAY NO_ I "!'E_TPOINt NO. 4 DATE 5 November 1964

TEMPERATURE OF
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T_'T DAY NO. i

TEST POINT NO. 5

COLD SOAK. DUMMY

SURFACE TEMPerATURE CONTROLL_

WITH I_Ra4Y HEAT_S.

110



C_11hq EXT}L&I_HICULAR SUIT TEST

EX_]RIITENT Ib

TEST DAY NO, 1 .moA POINT NO. 5 DATE ].2-4 -64
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G_MINI EXTRAVEP£[CUIAR SUIT TEST

EXPERIME N_ 1%

TEST DAY }D. 1 TEST POINT NO. 5 DATE
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GEMINI EXTRAVEHICULAR SUIT TEST

EXPERIMENT 11)

TEST DAY NO. i TEST POINT NO. 5 DATE 12-4-64
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GEMINI EXTRAVEHICULAR SUIT TEST

EXPERIMENT Ib

TEST DAY NO. i TEST POINT NO. 5 DATE 12-4-64
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GEMINI EXTRAVEHICULAR SUIT TEST

EXPERIMENT 1%

TEST DAY NO. i TEST POINT NO. 5 DATE 12-4-6_

TEM FERATURE OF
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SUIT FLOW SYBTHM
EPnULT_,ICTnmR SUIT
• _PmIlq_E Ib

TIST DAy !10.

ROTAI_TJR VOLCFLOW

i DATE: iI-_-6_ to II-6-.6_

iI_O
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1230
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FLOW SYSTXM
XTRA_I_ SUIT

EKP_IMJT 1%

TEST DAY NO. i DATE: II-9-6_ to ii-6-6_

ROTAMET_ V0LC_LOW

' , ,

o13o z_.? 7o 3.o_ _.'_5 58 zo.:_
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Qm4X_I _AYmICUL_ SUIT T_
_ZRX_ rb

T_T DAY NO. i DATE: Ii-D-6_ _o 11-6.6_

PGW]m-WATTS

09h5 60 60 20

1o15 6o 55 18

1o9o 6o 58 19

1115 60 _8 19

1130 6O _8 20

iII_5 hO 30 I0

12.1,o o o o

12_5 o o o

1318 _0 50 io

i_2 O, 0 0

15_0 56 20 i_

1.5.5o 56 20 lO

_56 2_ l_

162o 36 23
c:

16#o 36 2.5

17oo 36 2.9

171.o 36 20

18oo 37 20

1820 37 20

19oo _7

2oe9 37 19 9

eo_o )7 1_ 9

zo_o 2o 6 z

211) 20 _ 6 2

..090o ].5

.... [
, :,7 ' " "L -_ ": , ,,

eo 2o e9 e_ z_ z_ i9_

19 19 29 _5 12 io 18)
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20 20 2,_., 25 ,, .11 .... io 185 •
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!9 9 _ _ 5 ...... 9 .... 69 .
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TEST DAY NO. 2

HOOD OFF. TWO 20_

TRANSMITTANCE VISORS

INSTALLS. SUIT SUPPORTID

FROM TIEDOWN CABLE. PROTECTIVE

(_OVE ON RIGET HAND.
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TEST DAY N0. 2

TEST POINT W0. 1

COLD SOAK. DUMMY SUI_ACE

TEMPLE COFEROLL_) WITH

IEMMY HEAT_S.
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GEI_NI EXTIL_VEHICULAR SUIT TEST

_:XPERIMENT Ib

TEST DAY NO. 2 TEST POINT NO 1 DATE 9 Nov. 196_
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GEMINI EXTI_/_!EHICULAR SUIT TEST

EXPERT_ NT Ib

TEST DAY NO. 2 TEST POINT NO i DATE 9 Nov. 196h

TEM I_R/LTURE OF
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99 I 82 i 8o |..................÷.................17__..

....... | .................

....._. I.-7_._

.....#_______..8___

I

I

I

88 __

....81......

.........

......_.I......__.......

..___.....8__I_....._____'____'....
..79.._-r__8__j_8..........7_8_...........
.....76 .....7_......7___,....._7.6_j....

.......87........_88,.,9zI,,91i

....__........_ ! __L___!

, I

i

I s

.............................. 4 ............ _ ......

I

............................I............-I..........

, i I

_ ....
8e !

............ ......

8_'

_ ,L

.........



I

I

I

I

I
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GEMINI EXTRAVEHICULAR SUIT TEST

EXPERIMENT Ib

TEST DAY NO. 2 TEST POINT NO I DATE 20 Nov. 196_

0630

TIME OF DAY
, ,,

o7oo o73o o8oo o83o o9oo _o93o __ iooo
; '

O_

5_

57

56

_3

5q! 56 _"¢ _5

6o

6z

62 -I_6 -68

63 -2]. -_o

6_ lO -5 -1.i

66

67 9_ , _8 _

68 -73 -87 -92

@ -39 -65 -73

?o -63 -76 -?8
' -i

71 -7]_ -I02

73 -31 -51'

73 -_7o :zs_-_9_
76 -i_ -_ -_6o

...... i .......

2 -I i -4

.... I ........

!

I
I

..... _ ............... _ .......... °..........

i

F

-6 -6,.,i, -5

_o _2 . _,______22
f

--_9 -52 -56 -55 [ -57 -59 -60

1-z_ -z6 -17 -z_ -20 -_oi
!

................... I"

--_ "_ -- :_ I "9 O ...... _

-1o5

I

-76 -76 -76 -_ ....... "_!5¢,__.-LYj

-90 "99 -lo5 -lo_ -lo5t ---

-].].'r

-To ..... -Eg_..

-Tr -8_

-11'o_ -r¢,3 .-17_1 -11_ -!8o

-].9_ .:,_.!__¢__.-______:z__6 -_o_ -_

-z6_ -16o .-16_ '167, -_6"r -168

_3



Gi_.INI EXTi_A\rEHICULAR SUIT TEST

EX_RI_, N_ rb

TEST DAY NO. 2 TEST POINT NO 1 DATE 20 Nov. 1961)

TEMI_RATURE OF

:ban.

O79

8o

81.

8e

8_

81,

88

89

__9_!
92

93

91)

99

96

97

98

99

100

101

fOe

__zgl

0630

-I_7

""_

'_38
100

g

-N

=_

o7oo o_Do

""-19I) -15.5_

=197 -160

-I_9 -153

=_.0 =1_._

_86- -no
=1o5 =L1,,e_.

-'m _=_

-_s_. _-_Lo_..
-99__=_.o_.

-1§_ ,eo ......

_ _"r_k__.

__-/2__ -_9o_.....

--o __))....
--41_.eL

._ =m,.
-6_ -Be

TIME OF DAY

:_61-_,i-_ -_ssI-_

=1o9

=ilk

-eo.....

_ ._ 3._ 6 _

-I_

"I_06_

_=_lll__

,111) =lee

I

-_6 =_ ......

....."_)......__J_....

-%18........-___#_
-I,I,_...... =/26

-___6_....-___.....

.-115......_ ......
=_o. ,__8....:

=128

-.z.6'T..

.71_,5()__

-__._

....._k

-%__

.-__3.P._

.1_1_..

_-11',0

•,,.:1__

i .......

i

I .

"_'_"_""1

-____I -_ :.

i LIL/I IZ....
I

i ...................... I ........



I

I

I

I

I

I

I

I

I

I

_,han.

No.

io6

zo?

].08

, 1o9

Ii0

iii

112

7T_-

119

IZ____66.

, 117

118

12o

121

i. 12".,

ZZ6

128

0630

-321

-323

41.

9!_
93

5B

129

-61

-i_I

-66

69

i
i

GEMINI EXTIt_VEHICULAR SUIT TEST

EX_RIME _[f Ib

TEST DAY NO. 2 TEST POINT NO 1 DATE 20 Nov. 1964

TEMI_RATU}_ OF

o7o0_

-320

-328

tl.

__.._

91

z8

m9
129

-79

71

@

......... i-

TIME OF DAY

,_o _ooI .....
.......... 4 ............

I
........... ! ........ I .......................

| ......... i ............ --I .................. ! .........

i

F

-328!-288.E_-__!-_" _-_2 -2_! -_o

*_............,_2o__,___o.4___.__.-_____,_o_i_-_.-,_-.....
I

* -_1._ -_].9 -tz?-. -_ ] -_ ', -to9
l

._.9___q....3!. _

92 ..... __.

28

Z)O

-9O

-108

?l

70

_39__]

....___

_ ....23.......

_ _o

_6 _

,9_.....4_AO_.......

-z_ ...........
-120 I-I._0

Tll 71
_t .........

T61 7_

71_ __TL_

....._m___s_

___'__.......9.!__

____Z__.......9_i___

___9_i 80;

....._ ....9z I _.

._ _3;__ ........
I

...................... i .....

_22 ...... z_ ...... 2..9_ 2_

_._....___z___8. z_zi
,._ _ ___6_....___;......

.................. J .....

-2_].8-.122_ -lz8 ] -u.8
,_z_r_.-z___]

7Z T2

'73 7)

-__._I__-.z_6............
-162 I -162

-1_9 ! -z._o

T_ I 77

r..........................

r...................

i

I

I [ I .......... •......

IL ....I
I



TEST DAY NO. 2

TEST POINT NO. 2

COLD SOAK. _ SURFACB

T_m_ATm_B CO__

WI_ IHL_ GaS.

126



GEMINI EXTRAVEHICULAR SUIT TEST

EXPE_Ih_ NP Ib

TEST DAY NO. 2 TEST POINT IIO 2 DATE LI-9-6_

TEMPERATUt_] OF

Chin.
No.

1015 1030

1 81 79 80

2 7P 71 78

3 54 52 49

4 54 54 5)

56 54 51

6 _ 7_ i , i 6_ _l

7

8

9

10

12

13

14

15

16

17

18

19

20

21

22

23

24

79 69

75 _ 74

-16 - _ -28 -34 -38

67

28

82

-82

-71

20

74 71

75 74

63

TIME OF DAY
, . ,, , .........

1045 _Ooj LL_5 _1130 _4___ _00

83 I 8_ 8 _ 83 88 ......_--

_8

5! 56 ! 58 { 62 6_. "_ I

68 7oI 71 74 74! 74

63

74 72 70i
I

62 6o _8__T......

24

28

39

31

........ 52 f 42 36 32 29 28 27 ! 27 Jr

69 ..... 67 ...... .6_.. 63 61 60 _ i

35 33 33 ...... _ ..... _ ...... 26 24 23

33 '30 _ 28 26 25 24 211

127



GEMINI EXTRAVEHICULAR SUIT TEST

EXPERIMENT Ib

TEST DAY NO. 2 TEST POI_ NO 2 DATE 11-9-64

TEM_RATUREoF

29

30

32

33

S_

35

$6

__-__.

38

39

_o
&l

_3

&5

_6

_9
50

51

8_

78 73 68

79 70 65

85 82 77

75 _ 69 65

83 79 ....75

75

_. 7J,l
•rr 7o
8o 71.

79

77 711 6_

8_ T_ 67
83 "18 ..... 7_

,& ... 19_ _._ ....

76 7O

7&

7_

?8

TIME OF DAY

,,1o3o a.o_5 a.a.oo a.!.]._......1.1.3o' _._.. ........a._..__. a2.x_

................:9..........6z.................................6_9_.
6_ 6o % ....._3_........ __3_..... _2.... _ ....... ,_2

...... _ .... 9_....... 8_......._..........._..........9_...
63 6o 571 56 53 52

6_ .63 62 62 63 63

7l,_......_ ............_ _ ___.I__ ,

6o _ ___.____......_ _ _
.... .r3......72 n n -to n

7'_ .....___oL........6._.?..........6_ ...... __ ..... __ .... __.........fa

72 70 69 68_ 67 65 I 65

6_ 58 _3 gO _ ____ _.....

I
7_ ........ 73 .... _ ..... _.71 ........71. ,____TR.. 7o_

__ .TO.... ______.__.__68 ___

67 .......__....._5.....115 65 65

,_o....._6!.1.........6..__....6_........_ ...._.9_ _z _6 ..........

I-



63

65

66

67

68

69

70

71

73

7k

GEMINI EXTRAVEHTCUIAR SUIT TEST

EXrSR]_ _ Ib

TEST DAY NO, 2 TEST POI_ _.lO2 DATE 11-9,.6_

TEM I_ERATUHE OF

TIME OF DAY



GEMINI EXTRAVEHICULAR SUIT TEST

EX_RIME NT Ib

TEST DAY NO. 2 TEST POINT NO 2 DATE ii-9-6_

TEM fERATb_ °F

Chan. TD_. OF DAY



I

P

!

I

I

I

I

I

Chin°

No.

1o5

lO6

, lo7

lO8

zoo

110

--7

,

117 I

GEMINI EXTP_._HICULAR SUIT TEST

_:XI%:R]_EhT Ib

TEST DAY NO. 2 TEST POINT lqO2

L

1o_ 1_5

DATE 11-9-64

TF_EP_TURE°F

1015

II

T!.288 .2_
-299 -3o2

_a -_6

-3_8 -318

-309 -308

-31o -319

_77 68

....82 ....78

___ ______

I18 I 91_ 92

L_.9

120 2O 1_.

I

L_2 I _ 126 _9

:_2_ =16o -16o -162

.125 : -i_ -I(_ -16_

: ....-5;
69 71 76

128 73 71 I17

-290

-302

-3-12

-315

-306

___63
72

I 89
-- 4

9__3_..1

10 '

TIME OF DAY

_22.. ,

......................................... 1 .............

....... i

!

........... I 1 ....

-290 -_88 ' 2881 -e87
-30'2 -302 1302/ -302

-317 -3.17{ -3171 -317

__59 57 %1 _ 57,

891 92 _91 9"2

!

-13o -zSa -_51 -191

-16e_ -163 -16_ I -_63

-lo_-N7 -1681-_o__

................... [ - . 7

.......................... I ..... 1

1.3.1.

•11_.. ,2.22.5

I

......i I.-287

-_oo -_Oli
_-_._ -3.1.6..
"318 !-_8_

t

-aoTi

;_ _ __" l l l

.57 i 57

_6___ 6 _

__9_%.... -_i

-z_ ' -I_Sl

_-__zo.L -_

lO_1 lo3

r_ 63

..... _m

,o

- _..,



TEST DAY NO. 2

TEST POINT N0. 3

SOLAR SIMULATION

FRONT _ SUIT; EARTH

8_ION ON BACK.

132



GEMINI EXTRAVEHICULAR SUIT TEST

EXP_RINE _T Ib

_33



GEMINI EXTRAVEHICULAR SUIT TEST

EXPERIMENT Ib

TEST DAY NO. 2 TEST POINT NO. 3 DATE

TmmmTU_ oF

Chin°

_" i_5. ].6o0

31 79 81

32 8_ 85

58 65
3_ 87 90

36 _ 61

6z! 6s

39 _ _3

_o 86 89

_z "/8 80
83 8_

_3 ; 85' 89

I_ 22 25

k6 56i 60

k8 .5o] 6o

,,9
50

5z

53

55

_7

_8

,.59
60

..8

_3 _5

TIME OF DAY
L

].6z5 163o ZTOO !.73o

8_ .89 89 88

88 9e 9]. 88

95 96 95

72= 79 79
91 93 92

71 76 .... 77:

63 79 66!

82 85 85

8:_ _o

89 _ _o

_6 68 8_

88 _i ..___
r_ T1

62 69 .,7_

62 7_ _ 6./

87

87

9_ 9Z

?6 76
90 91

7_ 7_ 76

76 76 76
59 55 53

57 5]- k9

90 88 86

83 82 81

8_ 83 83

88 88 8T
I ....

70 _i T'J.
70 71 "p

zSoo

87

8_ 83

8_ 8_

76 76
89 88

52

86 8_

8.1. 80

82 8o

8T eT

.... i ............

-8 23 _ 51 52 52 5]. _8

_9 55 e 71 71 70 ..... ........



GEMINI EXTRAVEHICULAR SUIT TEST

EXPERIME hT Ib

TEST DAY NO. 2 TEST POINT NO. 3 DATE 32-2o-6_

Ta_RATURE°F

Chan. TIME OF DAY

No" i_5 1600!1_ 163o17oo1_,
61 I

............. I

62 -9_ -'_ -_I -_ _ 33

63 -62 -y- -_ 5 31 _o

6_ -I_ -ll k 251 52 56

65

60

68 -105 I 133 i_7 159!

67 3o 3.1 _ I_1

18oo

67 69
..... i ........ ,

1_ 16.1.

| !

33 3o _9

39 38. 37 33

56 52 51 _8

171 ....

16o

3.63

..... |,

69 57

162 16e

3o 28

66

152

1

-23

-61

I00

-26o......:_ .....-_( .....-16_................................

-25 32 _. 2_ 2_

-6 3.0 1_ 13 z_

181

1o9

181

168

166

33 32

90 25

]35



GEMINI EXTRAVEHICULAR SUIT TE3T

EZPBRIME _E Ib

TEST DAT NO. 2 TEST PoI_r_ NO. 3 DATE

Chan°

No.

93

97

q8

100

!oi

103

Io5

_o6

1o7
r

_o8

109

110

111

113

].14

Uk_

_7

_8

119

120

TIME OF DAY

.... I

,, I

91 97 99 _.o_ .......... _ ].01_

_.oo ].6o- ].00_....i_

136



GEMINI EXTRAVEHICULAR SUIT TEST

EXPERIMENT Ib

TEST DAT NO. 2 TEST POINT NO. 3 DATE

T_mmTU_Z °F

Chan. TIME OF DAY ,

:_. z33 z3] z3_ Z__ z36 _z39 z38 z36

123 -11"f -_ 8 32 _3 _o 39 33

_.5 -zT z,_ =,_ z3z z_ z53 z53 z_3! ]._

ZZl'
128

3.3O

-129 -6_ 19 _0 I_ _6 I_ 39

_ _ _!__ zo_ 97 9z

68 7C _3 T_......_...._ 88 86

J

30

z'/s .,_

3_ 33
86

86 86

1

I

• = .....

|

]37



TEST DAY NO. 2

TEST POL_T NO.

SG_AR S_TIOR ON BACK

OF SUIT; EARTH SIM_ATION

ON FRONT.



GEMINI EXTRAVEHICULAR SUIT TEST

EXPERtiSEN_ Ib

TEST DAY _D. 2 TEST POINT NO. 4 DATE 11-20-64

I

Chart. i
No.

1

2

3

4

5

6

7

8

9

10

12

z4

15

z6

i7
:1.8

19

2O

2.3.

22 i 2O
I

23 ; 4

2h "15

2_ ..... 85
26 82

27 87

7 79
29 93

30

TE_[I_P_ATURE OF

L845 !855

1.26

75

75 75

91 91

87 87

80 79

74, 74

l£go

zo4

7_,
75

9z

8__

79

_ 75.

_Tk

:],.8 2462
82 ,82 78
82 82 80

34 37 37

_ __
s_ 38 37

7575 75

75_ 7_2
98 98_ 9---_

2¢! 20
5

' 1_1 16
.....

8;I 81

8_1 8_

7,CI 78

911 8?

TIME OF DAY

z_o8_!_._.! _o8 _o8!
v_ I vnl 74 73

75! 7_t 75i 74

85 i 84_ 84 83
I

801 8O

....._ ...........ZE

63 ...... 65

.....7___.......7_!
80 8oi

38 39

I 75 .......

97 95

-8 -6

5 5

]..6 "-8

.... I _" 73118;

82 82

84_ 83

79

8o 8O
I

_._____%
.... 6__5__65__

821 82

122

741 73 73

821 81 79

83.I....... 83 82
t

....-8_I---_F ....So

63 65]66

---65! 651 65

821 82i 82

___2;3 i _[I 20
18 I 28 321 371 4o

Y_ ......._ .....89i:-_9187_
.....

........._ ...... _r _ _I _

I 2_ 23

i- '
831 83

821 82

80[ '8o

82 82 8.=

I 1'9 ?9 84:

139



GEMINI EXTRAVEHICULAR SUIT TEST

EXPERINE NT Ib

TEST DAY NO. 2 TEST POINT NO. DATE 11-zo._

TEMPERATURE OF

3.1.

33

$8
$9 _5

kl TO

TIME OF DAY

_1_5 _55 _900 .].905..1901___......1901.5:1.930__:I_I_0.___

113_ e____33.....e_ .........,_ .........._.......__...........____...L.....__
83 82 83 82 82 82

_3

8o 8o

wr

_9
r

_3

_6

81

T_

k7

, 79 19 _ 79 79 79

8o 80 80 79 Be Im _L

•m -m "m "m ./k "m "m

!

........................................ j ...... J

_____.._____M___:. __J ......Irt....I_



Chin°

No.

61

62

63

el

66
67
68

7o

---_--

75

"/_,.

79

8o

B].

e2

83

__eL

___.

89
9o

GEMINI EXTI%AI_HICUIAR SUIT TEST

EXPE R]_4ENT Ib

TEST DAY NO. 2 I_ST POI_ 110. DATE Ii-20-6_

TEMI_RATUP_ OF

1B_5 z855 zgoo

25 6ol m

_8 5_! 65!

I I

z6z 78 60

__ zoo

_i....
-23 .-851-_-_-_-_-_-_-____

,_oo ,,9t _

am. '_L 56
zo9 aa, ,--_T_

168 _,zoc 83

I

I

69

TIME OF DAY

' "1_' _o'_ ! _._ "
I

____eoL_e.__j..........._ ......._ ...... .v_,
8T, 91 ZOO _ _, 10_

..... ! ....... _ .... _ .......

..... i , .....4

_ _ 69 @ 69 "to

__'i ..... 9 .........._.'....... 9___ ZO____;L_ .

.........._ ..... 33 _ .3"[ __ 39 ! _i!@_..... __:!._ , .

=. _ ...._:__...._129....z_..l.......z_ L.....z_ ............
k

100

1_ _ ._,

• 107

].O8

z_



GEMINI EXTI_AVEHICULAR SUIT TEST

EXPERI_._=_ Ib

TEST DAY NO. 2 TEST POIBT }_. 4 DATE 2.1.-20-_

,L ,

Chan.
No.

91

97

zo6

Io'I'

TEMPERATUI_ OF

L L ,,

9

87

8_

-___51

, _6

82
F..................

I

I ......

I
I

.....................T.........-i........



GEMINI EXTI_VEHICULAR SUIT TEST

TEST DAY NO. 2 T,_:ST POI_T _ DATE iI-20-64

TEMPERATIH_E °F

143



TEST DAY NO. 2

TEST P01RT NO. 5

m_m sim_Iou (ONLY)

GelFRONT 07 SUIT.



GEMINIEXTRAVEHICULAR SUIT TEST

• EXPERI_E RT Ib

TEST DAY NO. 2 TEST POINT NO. 5

TEMPERATURE OF

DATE 9 November 1964

Chart.

No.

,, , ,

OOl

2

3

b,

6

7

8

9

10

11

12

16

17

18

z9

2O

22

26

, , ,,,| , , ,

2015 2O2O 2O3O
i

lit Ii0

108 111 106 91

7h 71 63

75 ?h ,, 7{, ,,._,

82 82 81 80

81

'78

78

67

6_

6_

h6

74,

8_

-3
33

.--.L--

.....83.

,,, 78 7_}_.

78 78

52 ,_

6_ !6Z

61 .... 56

82 82

20 1{1

hE; 37

h7 h7

?h 74

7,5
84 8_ :

-3 -- ---3-..-

33 29

__ L, ..
26 28

80..............80_......

....83......__8.?_....:

TIME OF DAY

2100 2128 _= 2137

' _108_........

lob 9m_

_8 g8

60 6o .=

72 7k

82 83

76 _7_k_____14_.....
75; ..__.......'....___....

+I 'II -15;

53 46 44

79_ L78 77

-".-_ ,31.......-_

5, -117__.-21

__C__....i_7_......._'T'.-.....

--..-.3-....._3 .............--,3.-

_ _23......zo......

28 ___........

.....78........79

_.W...... 7.8

2200. __22,30....._ 22_ _2.tQQ_

....9-'_..........Tk___._..BZ---.---..........

8_ On o_

....... _ ...._ _ 48

_7 _ _3 r s"z h9

76 74 . ..7{, 7o 67

_3 78 76 74 72_

._70__6___L__.

____........__62___

____.______

-3O -36

39 38

75, 71.

-39 , _ ..-4o

,_7 ....3h

_.6_5_.... 6_ .....

6_ 65

.-4 ..... _ ......

....15___10___

6_ 62 60

6? .67 6_

_....6.?.__61 60

-36 -36 -38

37 i 37 3E;

-hl ..h_ -41

-46 -),8 -_I

_3 )3Z 3O

....._-.-.-__ ...8 -8

____ 9 6

_2,6__ 15.

_ 73_ 69

_66 .......

0 ........-I -_ ...........l

._ .........z3....i0__.__i_--

......79......79 ...........75...........Tk--.,

78 76.... _._.____.

zkp



GEMINI EXTRAVEHICUIAR SUIT TEST

EXI_RII._N_ Ib

TEST DAY NO. 2 TEST POYNT _!O.5 DATE 9 November 196_

TIME OF DAYChart.

NO.
2310

l

001 87 ..................................

92 ................

h7 . _ . .............................

i, ha

5 66 .........

6 70

7
,., .... | ................................

. 9 65 ............................._ .................

,, _n' 58 .............................. /

Ii: -39

____Lz _3h ...............

1_' 34 .............................

15 -41

16 .52

17 28 i

_o 60 .......... i
I

20 69 ....................

21 -9

22 4 ,,

23 .._ ..... '

_____.._69___....................,
I26 .65............. _ .........

i..........

z_6

.....

.......... ........

........... T ..........

I
I

.......... T

i



GEMINI EXTRAVEHICULAR SUIT TEST

EXPER_E N_ Ib

TEST DAY NO. 2 TEST POINT NO. 5 DATE 9 N_vember 1964

TEMPERAT_ OF

Clan.
/

No.
2015

O27 82

_ 79

29 6O

30 76

31 78

32 79

33 87

34 74

3g 88

36 76

TIME OF DAY

2020 2030 2100 2128, 2137 2200

81 8O ,.._7_9...... _?9............_8o.........7_.9..........

79 78 7_ 69 67 65

59 5'z 33 ,2_ _25........ 2y.......
75 75 73 69. 69 62___

78, 76 7b. 71_ 7O '7O

79 78 ,. 76 7_ 74 74
l

87.... 87 __8_......._O_k............8._........{_.8_3...............
!

88 87 . 85___82 182 [ 8z

2230 2240

._7.__............?k__.

62 63

....3_......._33___

_6_ ........62

,66 ,-.65

71 ! 69

8o I .?y__....

_..78....i 7_8
!

i

2250 ,2300

3O 29

61 6O

63 61

6.7 6E; _

78 ,, 76
58 56

78 75

61 6O

62.3"t _6 _7_6__6 _7__&______Ik_..../_o__ 67 166 6_

_m__ ___k__.AS_,Lk__.__zm_..l_._......... 3__._............._9........28_. 27 2s..

_o ' _ __k t _' _ 3 .................

.......... j



C_NI EXTRAVEHICULAR SUIT TEST

EX_RI_E Nr Po

TEST DAY NO. 2 TEST POINT NO. 5 DATE 9 November 1964

TF_qP/RATURE °F

Cban.

231o

02? 69
_8

2,9
_30

31

32

33

hn

42

46

_8

_9

_6

28

60

6=$

61. ___

19

73 ..........

58 ....

6o

28 , __

6=; ,

, ,=-----fk-.- ........

18 , :

TIME OF DAY

._.Z- ....... 31 .... . T._l-'%L.....i ;,--_ ...... .'_,---- TZ', --'? "_-

.... .......

I

I

i

............ i

I

I

.................................. i

I

.......

I

!

z_

I .......

......... --4 .... - --

,,L

L

.................... , ...... [ .....

!

.................. ! ,,

............ I ,I
i .



GEMINI EXTIhAVEHI.CULAR SUIT TEST

EXPERI[_ENI' Ib

TEST DAY NO. 2 TEST POIr,_ _0. 5 DATE 9 _ov_ber 1964

Chan.

No.

54

56

57

58

61

6_

66

67

69

'7O

71

?2

?3

75

76

______

104

9_

I17

101

108

96

_.30

42

_08

_6

no

-83

TEM_ERAT(_E OF

................._..........:.....r.................F............l



GEMIhlI EXTI_AVEIT_CULAR SUIT TEST

EXFER'R_ENT Ib

TEST DAY NO_ 2 TBST POTNT NO. 5 DATE 9 November 1964

I

TIME OF DAY

........................... l.....

....... i

-101

-71

• -- ...................... i

I .......

....... I,

........ [

........................ i_

-168

-21 F
I

-3 ..... _ ........ 1...........
!

....... i ...... . ............

i ......

i ......

i

!

i

......

.... T

....... _ .......

I
f

!
t

f

t

...... t , : .

1

150



GEMINI EXTRAVEHICULAR SUIT TEST

EXPBRIME N_ Ib

TEST DAY NO. 2 TEST POINT NO DATE 23 Nov. 1964

o79

8o
81

8_

@

88

9O

91 _l

9_

9*'

9_

9q

98

99

l_

101

10_

Tm_ERATUP_°F

TIME OF DAY

Zo1_ zo_o zo3o 2zoo 2Le8 2137 _?oo _3o 22_o _e_o

"_ i i _ "Z_ z lZ55 lZ_ z _ "57 '_9 l_ "50 "50

k 7 "_ "_ "_ "_ "61 l 1 _9 _ "_ _

69 i -_z -67 -65 -i_ _, 9 9 9

_-9_ -:l.35 -]._7 .].I_ -83 -67 -61 -6]. !-6O

m36

12.0

e_
. !

8e

88

69

_6

_6

-3_ -_o -_ -8_ - ].._.
-z9 -_7 -68 -_

1_ -23 -66 -8!.... _ l,-141

_7 ]-9 -18 -_6 -87 -]._o

? -z_ -68 -88 -]._7 -17o -i_

-_ -_ -_ -7_ -]._o -'_ -].so

_.., zoo !o9 __. zo6

._]. _ -zo 66 _ ...... I__

, : ........ : ,, ,,

-].66 -r1'_ -174 [-17_

• . ,

-15_ -15"/ -157 -i_'_

-Z26 -'_]. -]._)

-z6_ -].6_

-].N -17_

-16o -].6o

-z6_ -z_

-&8

7o 69

_, ....8_
60 71 71

_ _7 _8

_l i _ _6

2500

-5

-50

-_

9

-6o

-151

-].Tk
-142

v .

-i_

-16_

-_.7_

-160

-16_

-4,9

66

8e

70

'78

_s
W7



G_MINI EXTRAVEPE[CULAR SUIT TEST

EXPERIMENT Ib

TEST DAT NO. _ TEST POINT NO DATE Z3 lov. 196_

CRam.

lb.

079

80
i •

el
8_

81,

91

96

IWB

2310

7

-I?_

-157

-_

-16_

_,-17k
- +

-160

61.

1,6

r_m_ATtUm oF

TIME OF DAY
.. ,, ,, ,

i

• . . . '+--+- = .... , ......

I ,,,

• ' =i

_ ,, ! _ , L



7

1o?

Io8

1o9
II0

III

112

113

116

118

119

120

121

122

126

127

128

129

2015

-z88

-3oz

-319

-3zo

-_18

T_

8z

I00

io6

61

-IOX

!-1.1.

_L1

8')

GEMINI EXTRAVEHICULAR SUIT TEST

EXPERIMENr Ib

TEST nAT NO. 2 TEST POIhT NO 9 DATE 23Nov. 1964

TIME OF DAY

2oeo 20"_0 9,___ 2m8 2z37 22OO

|

2250. 22_0 2250 25OO

-288 -288 -291 -_]. -287
.3oo _ -_].]. -289 -2er
-318 -318 -_o -3].7ii "3]'Z

-3].8

-_].8 -3].6 -_ -_].o -3o?

-_].8 -32o .-_ -3_ I-31o

7_ 7_ 71 7o 7o

82 8'1. 79 78 78

_00 _o2 _0o 87 9_

104 Io_ 99 zoo 1oz

-T_ -liP. -1_]. -12k

_ o -:_o -67

8_ 88 98 lo8

81 81 T_ 76

--_20 I "_20

, ,,
-312

76 7z 7]. 69 67

96 95 97 96 96

9? 98 98 98 98

21_ 29

-___ -_
-7_ -_9

-126 -].9_

].10 io6

7_ 7_

.......... • .................. l

3_ 3_

-_ko -]._].

-77 -66

-48 '_7
-].60 -].62

86

7]. 69

_i 30

]._]. ]._].

-ik]. -].k2

-?6

-47 -_6

-].62 -].6_-.

82 8].

68 66.

153



G_MINI EXTRAVEHICULAR SUIT TEST

EXPEPSRE _E 1"o

TEST DAY _0. 2 TEST POINT 140 5 DATE 23 _ov. 196_

Chano
NOe F

2_1o

TD_E C_ DAY

= .... | ,,

I

L

! •



SUIT FLOW SYSTIM
G_IINI EI_RAVI_IC_X_R SUIT

TEST DAY NO. 2 DATE: Ii-9-6_

ROTAk_ ¥OLOFLOW

Loeo
07OO

0750

08O0

11_.7 7o

,i,

3.2x 3.7 .79

- 5.8 75

- _7 75

- 3.7 75

- 3.69 77

- 3.7 77

- 3.7 77

- 3.7 77

5.03 3.6 82

3.Z2 _.6 n5

3._ _.7 13z

3.1_ 3.7 131

_.z6 3.7 _9

3.21 3.7 129

o9oo
L

09_o

tOO0

1050

1100

1200
, e _m :. T: - --

12Y)

_O0

1550 3.0_
I

Z_oo 3.o3

_o _ z .98
,w

1500 3.03

15}0 , _.02

z_x) ._.o_

z6_ _ .0_

ZTO0 _.07

roo _.o7
18oo _ .o_

!8_o ,.

19oo 1_.7 7o _.o6

. _- . . .. i ¸ - .

.. j ' , ' I. I "

11.7 ,.... , ............

ii.75

_.6

1Z._5
,, I

11 ._5

11._

11._ _6o

_o.8

_o.7

_o._9 ..... ,..........

_o._9 _9o

zo.79

-7 z_o zo.7_

}.7 I_i 1o.75

•7 _ _o.79

_o .7_

_o.7_

1o.7_

11.0

11.2

11._

._
11.10

_.7 _o

_.7 z_

_.7

•7 78

•7 _oo

i
m

• L i , ,

* _" - 1_.7 _, 70 °_

z55



SUIT FLOW 8TB_ZM

GIMINI EEZRAVZHI_JLAR SUIT

_P_IS_T Ib

TZBT DAY !10. 2 I)ATI: 11-9-6_

R_ _Ow

7o

_F

_o

1930 i_.7

2OO0

20_0

210o

_XP0

tmo

_o ,v

25oo ,,_,7

i ............. , I [' ''

3.12 3.7 96 11.1

3.31 3.75 83 11.3

3.z_ 3.7 96 n.3

5._5 _.8 132

_.16 _.7 8O

.x6 _.7 96

,, | , • , , |

:Z.V..B

•6 . _0 .............

_ | . • . ,.

b

I ,, P ,, .

y

1

z_



TH]_Y_ _ HF_TBR pOkTj_

G_¢I_I Z_ERATI_I_ SUIT TEST

Z0EPZRIJ_I_ 1-0

TEST DAY NO. 2 DATE: ii-9-6_

P_0WI_-WATTS

060'5

o6Z_

o630
o65o

o7oo

o7_o

o750

o815

oSeo

_8k5

>)20

_925

_9_P

_9_5

tOOO

1olo

Ikz_

20 9 .5.9 2 2 2 2 2 2 20.5
i,

_0 10 1' 3 .3 3 , :5 3 3 35

37 15 1.5 ,, 5 ,, ,5,, 5, .5 .5 .5 6o ,

37 z8 20 7 8 ? ? 7 7 8z

_ 35 38 ].0 ].8 20 z? 11 ]._ ...1.6_
. ...... =:

}_1_ _5 _8 "r z_ ]._ 12- ? 7 ]30

_3 25 _ 5. ..5. 10 10 5 5 87

_(; zv.5 11 _ _ 5 5 _ 5 50.5

3o z5 zo 2 _ 2 2 e ,, 2. 37

15 1._ 2 2 2 2 2 '_ _.0

3_ ZT_ _ 3.,5 = _ .... 3 ._ 2.5 2.5 '57.5

_o 3._ 30 6 ...... 6_.. _ _, ,_. _ 5 9'5.

_,0 30, 3o ......6 ................6. _, }* ,5.5 5 9o.5

_o _o z_ 6 6 _ '5 5.5 5 86.,_

_o so _ 6 6 _ 6 5.9 9 87.5

o 0 o o o o o o ,,, o, 9,

54) _O _ 6 6 _ 6 _.,s 5 8?.._

_o _o _.P 9 8.5 6 9 ?.P 7 ].Z9.5
i

36 ko _9,.5 9 8.9 6 9 7.5 7 119.5

157



m:

c,am_ff _RAT_ICULAR SUIT T_ST
_D4_f Ib

TIST DAY J0. 2 DAT]B: 11-9-6_

PON_-WATT8

........ '?

F

_..z
3z

29

0

z6 .:_

21

o

" "I .J " 'i .., li.i ' - ' m

10 ....10 9 9 9 9 io_._

IO Le._ 12.5 12._ 12._ Le._. _eo,,

zo , _._ z2.0_ _._, _._ _._ z2o
12._ 12._ 16 z_._ 12._ 12z

0 0 0 0 0 0 0

, w, ,,

..... I''



TIST DAY NO. 3

S_ED SPACeCrAFT

SURFACE INSTALLS). SUIT

SUPPO_TED BY H_LME_ WITH

CLEAR _rISOR E_P081_. PROTECTIVE

_,o_ co_r_ (_u,z,m) oN

RI_T HARD. SUP_ INSInuATION

A_DED TO BOTTOM aF L_T FOOT.

159



TEST DAY NO. 3

TEST POINT NO. 1

SC_AR S_ION ON;

EARTH SIMULATION ON.

SUIT ROTATH) TO A_IEFE

Av_a_ SUIT SU_ACR T_e_TU_Z

_ACB TB_I_ATURB COrI_OLL_

16o



GEMINI EXTRAVEHICULAR SUIT TEST

EX_ED_ HT 1"o

TEST DAY _0. 3 TEST FOINT NO 1 DATE 11-12-6_

" i

3hart.

No* 0800

1

TEM__ oF

2

3 67

67

5 70

6 7_

7

8 74

9 70
lO 70

11 69

12 71

!3 i,_ 70

1_ 65

16 65

17 69

18 70

19 69

ZO 7k

21 66

22 62

23 65

2_ 67

2p 7_'

O815 0830 o8_5

z_O 63

6O 62

67 68 71

67 69 72

65 65 66

7_. 78 82

7P 82

70 71

71 7_

61 62

69 69
61 65

75 81 87

58 56 57

58 57_ 61

67 66 66

70 7_ 76

69 70 7_

73 7_ .......7k

65 65, 61

_8 6o 61

6_ 65 65

65 65 65

TIME OF DAY

0900 O915

.' .... - _ ....

71
7_ 78
75 78

69 7_
85 87

0925

76,

7_

8o

82

75

91

8-:....89
74 7_

77 8o

66 70

7_ 76

70 7_

89

6o

65

66

93 95

76 78

82 85

71_ 71_

79 82

78 79

92 95

61 61

67 69

67 67

82 8k
9

75 78 8O

?6 ......_ .... 82
61 6o 60

61 61 62.

65 65 65

65 63 62

76 _. 8__.___22......._87........._ ..........9.3........_ ...................

75 80 _ ......88".....91........93

I
161

!

',',,



GEMINI EXTRAVEHICULAR SUIT TE3T

EX_ERIME R_ Ib

TEST DAT NO. 3 TEST POINT NO i DATE 11-12-6_

Chano
No.

27

28

29

30

3Z

32

33

3_

35

37

_8

39

_O

_3

k5

_6

_7

_8

_9

50

5Z

52

TIME OF DAY

0800 o8z5 o830 o_5 0900

7_ 7_ 79 8_ 87 91

71 7_ 79 84 88

60 k9 56 65 66 69

69 71 75 80 79 88

7_ 75 8z 8_ 89

7_ 78 82 85 89 92 ........

76 79 82 87 88 91

69 n 75. 'l 79 8_ 87

78 80 83 87 90 192

71 71 7_ 78 80 83!

70 71 7_ 75 78 79

5_ s5 6o 66 7_ 77
i

50 55 ,61 67 7s 76, 8o

6_ 67 71 73 78 81 82

55 59 6_ 69 77 78

7_ 8_ 88. _
77 79 83 87 90 _

9_ 69 78 .... 87 _ .. 9_ 95

-ZOk -_:_ 108. ,,=1_.

69 -136 7_ 76 78
69 69 7k 76 79 8e

66 7o

67 69

o9z5 o925

92

95

_z

95

95

9

95

85

82

8o

lOO

93

._ 150

8o

8_

78 8_ 88 93 97

, • , ,,



GEMINI EXTRAVEHICULAR SUIT TEST

EXPERI_ hT Ib

TEST DAT NO. 3 TEST POIN_ NO 1 DATE 11 -L?.-(9.1.

08a0 o8z5 0830 o8_5

53

5_

55

56
57

58

59

6o
6z

62

63

61,.

66
i

67
68

69

7o

71

72

73

7_

75

76

77

78

110

56

6o

1,6

5_

60

6z

5z

_6

33

22

I,.6

37

z5

-25

-5

11

oF

TIME OF DAY

o9oo o9z5 0925
, , , "

1

_2 z_ z_ z_ z_ z_

52 58 65
I

69 76

6z 6_ ,Tz ,,,75

16 87 88 z_

2_ 80 83 81

7_ 78 78

78_ 82

zo6 zo2

75 88

78 8:,

58 6z 70 7_ 76 79

39 _5 52 63 62 69

30 58 6o 6z 68 71

52 69 LIO 7_ 65 zoo

-zo _i 5z 83 L_O'_.. 87
20 _6 7_ 82 71.,. 85

25 28 _ _ 56 60

-k _ 62 5z -26

-2_ -z 5z 6o

7_, 87, ::'5 5:_

7k 7i_ 87 36 ....3_

9
18

71,,.

7l_

.,..,-
- k ,

z63



GEMINI EXTRAVEHICULAR SUIT TEST

EX_RIME Nr Ib

TEST DAY NO. 3 TEST POINT NO i roTE LI-_-6_

T_RATU_ oF

Chan. TIME C_ DAY

_" o80o. osz_ o830 o8_5 o9o0 _!_ 0925 --.

79 -1o ?

80 -xo xo

81 -6 zo_
' ' I

82 20 _3

85 113 !3_ _6

,86 28 -10 71 6__

8? z_ -3 ?o 60
88 31 -16 _2 _3

89 3h 5 76

9o 18 -13 _7

91 _ I_ -lh _6

18 -13 70

93 19 -6 7b 6O

_ 56 57 60
95 71 71. 7_ 78

51 23 31 65 51

53 _7 1_ 60 53

lo8 30 .. 56

87 78 . 7_ 67 91

28 38 69 ...

_. ...... _. _oo

71

7o

80

69 6o

_7 , _6

5z 77
60 8_

6o 65

82

97 56 _3

56 18

99 37 z_

zoo 53 z8

zoz 56 20

I0_ 56 33

xo_ _6 _ _z

zo_. _6 _z hh

108 113

ZO_ XOZ

1OO 75

xo8 xoz

80

z58 127

z3o

65

87

78

80 1!7 .... _,.7 _ 1!3 .... 113 ......

zo_ 12.1 Lt3 11o lO9

52 87 _ 93 92

_9 84 87 87 85

llh 119 118 117
- _.___ ...... . . _ -- • , ,,,

h6 k6 h8

_6 ......._9 _9...........50



105

Z06

lO7

zo8

I09

III

112

12.3

11fi

I17_.

1.1.8

119

121

123

L?5

126

128

129

-26

-16

7_

71

9_

72

69

28

-_6

-iO

68

GEMINI EXTRAVEHICULAR SUIT TEST

EX_RIME _T 1%

TEST DAY NO. 3 TEST POINT NO 1 DATE ii-12-64

zm_n_mE oF

TIME OF DAY

08z_ 0830 08_5 0900 09_5 o925

,' ! ...... i '"

-2_3

7_

7_

9'2

_7

71

70

5

127

62

-6

68

67

?9 8_ 88 9z 93
8o: 85 88 9z 9_

92 92 93 93 93

53

72

72

ZZ6

Z08

82

851

68

69

61

7_

75

85

102

80

69

73

57 61 69

7_ 76

79 03 85

82 ZZ7 12.9

82 30 122

51 _l ZOO

85 Z_6 87

71 71 72

77 78 82
= , L J,,,

z65



TNST DAY NO. 3

TEST POINT NO. 2

SOLAR SIMm_TION ON

FIK)]_ (_ SUIT;

SD4r_TI_ ON BACK.



GEMINI EXTRAVEHICULAR SUIT TEST

EXPERIMENr Ib

TEST DAY NO. 3 TEST POINT NO 2 DATE 28 Nov. 1964

Cl_n° TIME OF DAY

_o. o939 o9_o o9_o zooo loz9 zo2o zo3o

001

2 7_ 74

e_ 83

76 78

6 9x 8_
7

8 99 94

9 78 79

xo 87 8_

xx 7_ 76

12 8_ 82

_3 ._. _ 87

I_ 95 92

x_ 6a 62

x6 69 @

x7 67 6_

x8 8_ 8_

19 8x 81

20 83
zx 6o 60

22 6_ 62

2_ 65 65

z_ 62 6z

25 95 93

26 , 93 9X

lOgO 1o5o ia.oo

74 75 78' 8O

8_ e_ 8_ 8_
e_ _ 89 87

81 89 91 92

9x 92 93

9Z 9Z , 88

79 8o 81

8_ 8_

78 ?9

?8 77

89 9Z

91 89

6_ 6_
@ 69

68 60

82 83

88 91

8_ 70 69

87 87 87 87
8? 81 87 87

96 95 91 87

99 92 _Z 88

88 88

8,e

8_ 8_ 8_

79 75 79

95 96 95

89 89 9z

@ @ ,7_
69 7o 7z

6_ 7o 71

84 8_ 85

95 9.6__ 1oo

....6o 60 .,_ _8...... _.8
62 62 62 6,e 6,e

65 65 66 67. 67

62 62, 61 61 61

82 8_ 8_

_, 8_
8o 7_ '7o

?_ 7o 66

82 71 69

91 91 91

71 61 65

71 67 65

72 74 74

87 8_I
I

87 85 1

i00 _8 _5

97 _7 96

6_ , ,,_o
67 66 69

61 61 61

9o 89 ....9X......9x .......9x 9x 9x 9x

, . ,L ....

167



GEMINIEXTRAVEHICULARSUIT TEST

EXI_RIMENr Ib

TEST DAY NO. 3 TEST POINt NO 2 DaTE 28 _ov. z96_

°F

IChin.

O'27

28

29

32

33

3_

]9

36

37

38

_2

&6

&8

k9



Chln.

No.

095,

5_

55

,.

57

58

99

6o

61

62

63

6_

6.5-,

66

67
68

69

70

71

72

711

79

76

7ff

GEMINI EXTRAVEHICULAR SUIT TEST

EXPERIME NT Ib

TEST DAY NO. 3 TEST POINT NO 2 DATE 28 Nov. 1964

't'mmm'nmm op

o939 09}+o o99o! lOOC

TIME OF DAY
, ,

1oi_ io_9. ' !o3o+io4.o_. lO9O iio0

... 1_0 1111 1_,_. 3.4,_ _._ -79

"L ......... '

78 71 69 6_. 6,) 61 60 +96 93

i

8£+ 83 8e 79! 78 76 . 79

_, 38 25 ..... 2o .....16 . 15

6_ _6 _ tx) 2_ 2_

_8 .,. 66 _6 _2:, _1 _1,,

80 . 79

lO8 ]29

62 96

65 91

69 6o

92 106

6.1 6_

25 .-3o

1)&

128

l&O

79 7£+

1£+9 1£+8

£+8 _3

£++9 91

_.6.... __....... _9
12,0 127 £+7

60 ____.,_____ __
_,_. -I+ -,e

9 -9+

21 12

£+9 £+_

I

71 ,. ,7o

l&2 i£+6 11+6

71 71

i_ i_0

_8 _7 5_ 2£+

61 .,6+_....£+£+

_9 _%5 6_

+_._...... ._ __.
-!9 ,91 -67

28 -29 -£+7j

I£+3 o -62

-6

-'19 -21+

o .-._

3}+ 31

I
,_ 69

28 9

.16! 1_

1_+ -9 -ml

-i -i

IQ , rl

£+5 59

-73 -73

-97 "_97

-85 -96

_,___..1__-__ __-8_.

-90 -i01

J

L

169



GEMINI EXTRAVEHICULAR SUIT TEST

EX_RIME Nr Ib

TEST DAY NO. 3 TEST POINT NO 2 DATE 28 Nov. l£_

T_mRATUP_oF

Clan.

No. 0939 .._o9_o

079 1_ 131

80 156 143
81 82 91

8e ,zo"2 92

85 125 117

8_ 1o8 119

85 io 14

86 1 -8

87 16. 9
88 97 94

9o 37 33

91:. _9 39

92 3£ 33

TIME OF DAY

0990 IO0O 1015

129 121......119

146 147 148_.

96 70. 78

87 a_ 78

117 118 117

!18 ._9 ' .zZ9

I020 1050 i04#

119 29 -54

i_8 -19

79 20

78 i0_

118 -15

11_ ,51 -16

_1 _9 .......A_...... 96 .28 1o
96 5_ 92 51 -31 9

28 25 23 21 2 -18
• I

76 3_ 33 31 9. =!l

28 2_ 23 22 2-18

_090 ,..1100

_'87. -101

-9_5 -1!9 "_9

-29 ,_o -_7

44 18

-90 -i11 -n8

-47 -57

4'/.. '55

-67 -68

,_ -94

4 4

-I 12

-26 -28

-20 -19

-28 -26

93 91

9_ 69

99 88

96 78

97 108

98 98

:tOO 88

101 82

102 .. 110

105 _9

6_

88

8o

44 _9. 39 .__3_?.... 3_ 1_ -6

6_ 61 ____ 6o _ oa _6
88 89 91,,. 92 .,, 97 93

87 93 1oo 1oo zoo _.o_

101__ 98 _ 9_,.. 99 8_ .63

9_ 89

loo .... 98

8o 76

io8 zoo,

80 77 76 70 5_

_,) _o _ ....... e _1 ..

10.1 96 .......99 . 81_

-19 -1_

51 _8

91 91

106 110

..67 76

78

91 _ 78

_7 _8

91 93

6o 61

_0......... _ ....... ._3........... V5..........._ .......... .__.... .2_......... 73_____3/.

........ _ ........... ... _

.................. -- _ ]

L ............... 4 "--" ....



GEMINI EXTRAVEHICULAR SUIT TEST

EXPERIMENr Ib

TEST BAT NO. 3 TEST POINT NO 2 DATE 28 _ov. ].964

Ch_.

No.

IO5

Io6

zo?
Io8

IO9

XlO

111

'112

113

1X9

116

118

12o

X_f

_t8

0935

TIME OF DAY
, I i

o9_o o9_o zooo zo1_ zozo zo_c zo_o zo_o zz,og.i

78 79 8z _ 9_ 97 91

]66 l"rk _.'/6 ].'7_ ]."m ].?k.-9

13 13 'W; 86 91 9_ 97

101 I01_ 10_

o -10 -

-78 - -IO_

Io_., _o_ ].08

92 91 9O:

.... 1

. . .=.



TRST DAY NO. 3

T_ POII_ !10. 3

S_AR 8__ (I

FROFf (J' SUI'Tj _ 8IN0_J_I011

ol BACX; SPA_ 8D_tTI01

0! RI0_ 8IDB.



GEMI_ EXTRAVEHICULAR SUIT TEST

EXP_RIME Nr Ib

TEST DAY NO. 3 TEST POINT NO. 3 DATE 1i-12-6_

Chan.

NO.

1

2

5

6

7

8

9

IO

11

13,

15

z6

17

19

20

23.

23

i

'7
s8

30

13.00

e

8'/

88

88

83
83

9o

83
83

6O

88

S_

33

87

1200

-65

TIME OF DAY

1330

83

89_

65

8_

83

6o

6o

9o

9o

1315

78 78 78 T9 79

8_ 87 87 8Z 88 88
87 87 87 88 88 88

95 95 95 95 _

_ 8_ 89 89 9z

87. 87 8'z 8_.....8_ 8T ....
83 8_ 8_ 8_ 8_ 8T

82 82 81 81 8_ 83

1

.93 95 _ _ _ _ I
88 87 8T 8v 8'_ 8"Z !

'I_ 78 _ 79 8o 81

8_ 87 87 8"I sT 88

8t _ 8_ 85 8,3 85
zoo _ lok i_ _ot to5

60 60 60 60 60

_3 65 e _ e

m 87 87 ef 87 87
st st 89 89 9o 9o

ef 87 m m m 88

8'/

83

8"I

173



G_MINI EXTRAVEHICULAR SUIT TEST

TEST DAY NO. 3

Chan.

No° 11OO 1130 1200
• I.

31 81 S

3e 8"I S 89

33 _ _ ql

3S ql _ _

39 8O _ .'/5
kn _. q( 9O

k,1. 86 _ 86

k3 _, 106 _ 88

k_ 79

4T 83 • 81
i

49 80 "/I Y5

qo

52.

_3

55

_Y

_9
6o

3 DATE 11-1_-e_

TIME C_ DAY
, ., ,, ,, ,

_3o _._5 13oo 13_5 13_ ,,,,...,,, ._,,, , _ _
, .,,..... 89 ....ee_ ., as 89

89 .8e e8 89 89 .......

cO. _ qO,.: q:l. cO.

8"/ _ 87! ee _ ....

87 ,_,..e_., .... 87 87
._,, 8c ,ep.......ao 0.1.....

_! 86 86

89' 89 89

1o8, lo_ 'tOT

86 8_

88 _,,
lo6 lo(

...... ,.. , , , ,

ee

"__1_ 1_ 1_ 1_
I

L_

,, , .... , •

:__......i,_ ......._ .......,W...._!._....

_, _ _, ....._

71

i l

_,Tk,



_NI EXTRAVEHICULAR SUIT TEST

EXP_RIME N_ Ib

TEST DAY NO. 3 TEST POINT NO. 3 DATE 11-12-_

r_RAT_ °F

61

63

e_

65
66

67

68

7o

72

73

75

77

"/8
79

8o

81

82 _

83

8_

1.loo _3o

TIME OF DAY

1200 !230 121,5. 1300 i_15 ,1330

-5 19 22 21 21 20 20

_7 _9 _7 _ _ ,._5

67, 69 69

z51 x_

12 20 23

-2o _ 5x

. 4 53 I

39 k3' 1,8

-_6 -29 -29

-_6

36
33 I_0 I_3

162 166

3.1. _78 _3_

m ]_ zSo
-38 _5

19

89 12

90 -_7i

lh

22

.i_7

67 __ ...... 66

z6o z6z z6z z6o z6o

23 Z3 21 20 20

5z ....._i _- 62 _ll_
A

5z 5z 50 5z 53

_6 5z 5z 52 52

-_30 -31 -33 -5 -29

153
"'l_2l _2

_5 _5 _5

18o 181 181

69 69 69

_3 I _ 2

165 165

181 181

88 70

1So _ 18o

].u 13.3 1"3

-z5 -_5 -16

-3_ -I -3

_81 181 zSz zSz

113 13.3 3-13 _.3

-28 -25 -137 -z5

23 z_ 23

!

I

= .... e--

5_ 53 56
21 _ 23



GZMINI EXTRA_rSHICULARSUIT TEST

EXPERIMEhT 1%

TEST DAY NO. 3 TE3T POINt NO 3 DATE 11-12-61+

Chan.

91

92

93

94

95

96

97

98
99

iOO

101
f

102

1o3 _
lO4

105

1o6

1o7

1o8

lO9

11o

111

112

113

114

115

117

118

119

120

ii00 1130

-6 34

-16 24

-3 .37 , 37

91 91
...... _ , ,,

L_O 98

78 1o9

76 98

79 106

48 79

49 78 75

66 1o8 1o6

8_ 2oL

83 203 z9o

_mmnma oF

TIME OF DAY

1200 12-30 ].245 1300

34 ..... 33 ..... 331, ,31
2_ 23 22, 21

35 34

56 56

92

8_'

1315 1330

33 $3

23 24

34 $6 37

57 o,,_7 _8
92 92 93

87 88. 89

97 102 io4

8_ 91 92
95 1o6 1o1

53

92 92

89 84

zo_ ioz ,._98i
91 ..... 8_ 87!

1oo 98 95

79 ....... 78 ....... 76!

........ • ,, , | , | ....

75 ,78, 79

74 71 69 74 74

Io4 1o1 zoo 1o3 •lO4

169 18o

175 168 163 184 181

-_ -_ -_ -98 _-_ -99 .... -_ -96
-zoz -lO6 -z08 -1o6 -lo8 -zo6 -105 -zoh
-111 -_ -_ -_ .11a+ __ -111 -1.1.1

-a.L._ -112 -_:' ..L_., -112 -a._ -a.09 -109

-11o -LU -111 .m -za.a. -_o .-1.07._,108 .,,

-zo6 -108 -108 ..-109 ,1o8 =zo9 _._-z07 -108

84

89
93

_3

_8

__........._83.......87...........87........8T...........8_7....._ .....

88 87 87 _ .......8! 1 87.

93 .......93 .... 93 _3 ....._

82 87 87 87 87 88 88

176



_NI EXTRAVEHICULAR SUIT TEST

EXPERIMEN_ I_

TEST DAY NO. 3 TEST POINT NO 3

Chan.

No. 1100 1130 1200

z_ ].o5 zo_ 98
_ 91 92 93

123 _ ._ _3

12_ 90 17_ 177

Le6 37 76 76

_7 zoa 99
]28 90 9z 9z

129

13o

DATE II-L?-6A_

TIME OF DAY
, , ,,,,

z23o z245 13oo

l,_, .gz 9z
9_ _l

42 42 4o

z7_ II _. .Z7_ l
l

74 7_ l l 72

86 85 86

i._31_5 133o_

95 g5

_2 42

z_ z_6
7_ 75 .i

88 91

19z _ .....

- I

r

z

p,

I

Ill j

/

f
177



TBST DAY NO. 3

TEST POINT I[0.

8_ 8_I0!

OB FI_ UF SUIT_

8IML_ATI_[ ON BAGK.

ROTAT_ S_ HOT

SPACECRAFT S_eACE A_LIMST

RIGHT 8IDB OF SUIT.

178



,l

Chart.

No.

1

2

3

4

5

6

7

8

9

I0

ii

12

13

14

16

17

18

19

20

21

22

23

24

25

_6

1330

79
88

88

91

87

87

85

83

75

95

87

79

76

81

88

87

1o5

7o

6o

66

90

87

(EMIRI EXTRAVEHICIF_AR SUIT TEST

EXI_Pd_E hT Ib

TEST DAY NO. 3 TEST POINT NO 4 DATE iI-12-6_

81

90

90

88

87

87

87

87

86

87

88

81

87

47

87

87

TIME OF DAY

1430 lh_5 1500

81 8o 8o

91 9o 91

91 91 91
I

85 82 81

85! 84 83

1515 1530

80

80 -114

91: 91

8o 79

83 82

ll87 87

87 87 87

8 7 87 lr B _

85 85 85

79 81 81

85 85 85

88 87 lil87

81 81 82

8o, 81 81

85' 85 85

87 87 87

83 82 82

] _ __ ............. : .....

86 85 85

•87 86

.87 87

8_ 8_

82 83

8_ 8_

87 87

82 Be,

81

87

871
81

81

87

87

81

77

.l. _0 _ 51_

89 85 l 8_ ...... _

_8 .49

59 59 _9 59 ,H59

61 59 58 57 56

56.....56

87 87 86 85 85

179

J,



GEMINI EXTRAVEHICULAR SUIT TEST

EXPERD_ NT Ib

TEST DAY NO. 3 TEST POINT NO DATE 11-12-6_

C_mn.

No.

27

28

3O

31

32
33

31,

35

36

37

38

39 ._,

kz

_2

k3

k7

_8

_9

Po

90 9o 87

87 88 88

9o 65 63

88 9z _z
89 88 87
89 87 87

_. 9z 89

..................... l ....

TIME OF DAY
,,, ,, , ,,

xSoo ipzp zp_o ............

.87.... 86 85 85
88 88 88 8?
63 63 63 63

87 8T, 86 86
_87 8p 85. 8_ .,
88 87 87 85

91 _ 9R y_ 93

9ol 88 ..... 8-: 8-: 85
88 91 : 91]

9_ 91

88 87

87 85 8_

81 82 8_

7_ 73

90 _ .....
87 87 87

87 87 87

8_ 89,. 8_
2.07 75 7_

77 6O

81 - 82
= --

8_ 85
• ,, , ,

73 73

83 8,9. 8,?.

82. 82. 8o

73 72 _ ,.71

_87. 77.... 8_
86 86 86

87 87

88 8.7_

65_ 65

82

79 ............

_"_.. __

8_

86

S7 87

8_ 8_ ....

6_. _6,_ ......

82. 8o 8o

85 .... 8___._ 85 85 85
7k ?2 : "P-., 70,. 70
79 79 79 78 78

, _ , , ,

, ,,

• ._ ,,

18o



GEMINI EXTRAVEHICULAR SUIT TEST

EXPERIMENr Ib

TEST DAY NO. 3 TEST POINT NO 4 DATE 1i-12-6_

TE_EmTUSE°F

Chan.
No.

53

5_

_5

[

57

58
_9

6o
61

62

63

6_

66

67

68

69

7o

71_

7_

L

Z52

TIME OF DAY
, ,, ,,, ,, , ,

z_z_ z_3o z_:_ zSOOl ,zSz5 z53o

67

52 _ 65 65

69 7_ 75

z_ 88 89

22 _ 9_

k7 90 9Z

66 82

].2

23 49

zo6

-_9 ].39

7 1_

37 k7

1_ 69 .......

_9 _3

68 68 68

67 69 69 69

75 76 76 76

95 95 95 95

6 2

5Z 5_

_0_

129 129

z_ z_

z&3 z_6

70 72

_3

87 87 87

1 0 -2

_ 57
_o6 _o_ zo3

_.63 _ 66

zh6 z_3 z_3

7_ 69 69



GEMINI EXTRAVEHICULAR SUIT TEST

EXPERIMENr Ib

TEST DAY NO. 3 TEST POINT NO DATE II-12-6_

Chart.

No.

79

8o

81

82

83

8_

85
86

88

89
9o

1C

93

95

99

iOO

101

102

1o3

_RAnn_ °F

133o

67

ik8

7o

,,67

]23

-25

-16

-I

_9
56

23

33

2_

37

93

Z_30 z_5

-71 -_! ,-76

-75 -76' .-,76

.5 3 2.
61 56' 5_

81 82 8k

Z_S

-2.62 -].79 -195

69 . 6.,9............._7,_0_....
61 62' 63

88 89 9o 91

22. 22. 22 23
.l.

29 29 30 30

2k 24 25 25

25 25 25 25

9e _ 90

TIME (_ DAY

15oo z_xS. z53o ....

......-___ -__ -_.
l-7__ii "76 "r:

0 -2 2

_1 k8 _7

7_ 80 80

_o_ 70 ,69 ....

28 28

2_ 2._
-- w _--,,,..,..._ I

79 80
88 88

89 86 85 8_ 8_ 83 83

zo_ 97 98 98 99 _ ....._

",'Y9 :1_ ,:_, :117 _ _,I_

].o4 :Llk 1161 _A6 117 _17 n7

].81. ].83 ].78 2.79 17"/ 173 17k

i

zSP.



GEMINI EXTRAVEHICULAR SUIT TEST

EXI_RIME N_ Ib

TEST DAY NO. 3 TEST POINT NO 4 DATE LI-12-6_

1o5

1o6

1o7

z08

zo9

110

111

_3

115

116

117 _,

118

_9

121

122

123

125

126

127

130;

-_m6

-315

-'%1_

-3z3

88

87

95

88

m,

9'5

6o

z_6

7_

+mm:m'_mm oF

TIME OF DAY

I_o z_5 15oo xsx5 z_o

, ....... - +_ ......

,,

-309

-Szo

87

87

95

95

37

95

95

161

86

91

-297, -297 -298 -a:,<j7 -299

-3o9 + -3o9 -309 -Im9 -3o9

_3 _ ....

,316 -315 ,,-,315 -313 -316

_',86 85 85 85 8J+

87 ' 8? 87 86 8_

183



T_T DAYNO. 3

T_T POIIT I0. 9

S_ 0mIT. SOLAR

8IMULtTI(N 01 FOR 6O

MI_TJS; OFF FOR 30 NIFU_8.



Chart.

NO.

0EMINI EXTRAVEHICULAR SUIT TEST

EXI_RIME NT Ib

TEST DAY NO. 3 TEST POINT NO 5 DATE 11-12-64

_m_mm °F

1

2

3

4

5

6

7

8

9

IO

11

12

13

14

z5

x6

17

18

19
20

21

22

23

24

25

26

1530

91

91
79
82

85

86

87

84

83

84

87

82

8Z

87
87

8Z

77

51

59

56

_6
8_
85

1545

TIME OF DAY
V

155o 1555 ze__, 1.__,
82

79 79 8O 8O 81
91 91 91 91 911

91 ,91 91 91 91

79 79 80 80 81

82 83 84 84 84

85 85 85 85 85

86 87 87 87 87

87 87 87 .87 87

8_ 82 81 80 79

83 84 83 83 83

84 87 8_ 83 81

85 8_ 8_ 8_ 8_

82 82 83 83 84

82 82 8_ _3 84

871 87 87 87 87

87! 87 87 87 87
81 8o 8o 8o 8o

75 75 75 76 .....76

51 51....... 51,!-_ 51 51
59 58 58 58 58

_6 56 56 56 ,,
8_ 8_

85 85

80 81 83 79

81 79 76 76 80

91 9g 91 91 91

91 91 91 91 91
8_ 81 81 82 82

84 84 84 85 85

.... , .... I,

85! 85 87 87 87
,, , , , ,,

86: 86 86 86 86

87 ,,,87 88 88 87

79 78 79 79 _9

82 82 82 82 8O

78 81 84 87 8o

86 86 87 87 87

83 82 82 82 83

85 85 85 85 85

87 87 87 87 87

87 87 87 87 87

81 81 81 81 81

78 78 78 7,; 81

51 51, 51 51.,. 51

58 58 58 58 58

56 _6 56 56 54

85 85

87 87

8_..........8_._........85........_8____8:_......._8&



G_NI EXTRAVEHICULAR SUIT TEST

EXP_RIME N_ 1"Io

TEST DAY NO. 3 TEST POINT NO 5 DATE _-L_-64

'z'mmP,s..+mmop

Chln.
No.

1

.

3

Ii

5

6

7

8

9

Io

ii

12

13 ,:,
- b

z_

zp

z6

z7

18

z9

20

21

22

2_
=k

2p

26

. _, , .

z635 z6/_o z_5, .165o z655,

TP 78, 79 .%6 ......7+
81 76 7_ 73 70

91 91 91 90 91

91 91 91 91 91

8,?. 8Z 8Z 80 80

8£+ 83 83 8_ 83

TIME OF DAY

17OO 17_

67

90

90

79
82

zTz¢ _z?zp

6z 61

89 88 88

89 88 88

69 .l l 67

8z ii 58l 58

+

87 87 87 87 87 85 811 83 83

86 B6 86 86 86 86 86 87 87

87 87 88 88 87 87 86 85 8p
77 76 76 7_ 71 68 65 61 60

80 80 80 78 77 7_ 7O 67 66

7& 78 80 77 7k 67 651 60 56

87 87 87 87 87 86 85 8p 8_

8z 8z 8z 8z 7_ 78 75
85 87 _ :87 87 85 82 79 77 76

87 87 87 87 87 87 87 87 87

87 +:_7 87 .....87 87 87_ 8_ 85 a_

8z 8z 8z 82 82 82 m _ 7q

....82 82 8_ 81,............BsI m,. 8_ 8_

pz pz p2 p2 52 p2 p2 pz pz

6o

56

pl+

85

87

6o 59 58
...,

_6 p6 _6
I

Bk 8_ 8_

5,7_56 56
56 56

8k 83

87 87 87 87

56 _ ...._6

8m_. _) ........ _68_
•e_. .........._ 83 83 _

+ __

186



GEMINI EXTRAVEHICULAR SUIT TEST

EXP_RIME N_ Ib

TEST DAY NO. 3 TEST POINT NO 5 DATE_.I-Z2-6_

Cl_n°

No°

27

28

29

30

31

32

33

3k

35

36

37

38

39 _

_o

_2

_3

_5

_6

_7
_8

k9

5o

51

52

153o

85

87

63

86

8_

93

85

87
82

..79

71

85

86

87

85

6_

8O

85

7O

?8

15_5 1550

85 85

87 87

63 81

93

8_ 85

93 85

93 92

.. 85 85

86 87
8z 81

79

8_ 8_

85 85

85 85
8_ 8_

69 7_

85 85

70 69
78 ?S

TIME OF DAY
,,, ,,

z555 z6oo z6o,j z6zo

85 87 87 _!85

87 87 87 871
76 7_ 70 66

87 87 87 8_

85 8_ 8_,. 8_
85 85 i 85 85

!

85 85 85 85

87 87 8"{ 87
8E 8E 8]. 82

79 78 77 7_

_o _ 70 70
8_ 83 8_ 8_

85 85 82 8_

85 8.5 85 85

8_ 8_ 8_ 8_
' ' 1 '

i

].6.15 16_o ].6_5 z&m

85 85 86 87

,87 87 87 87

75 80 8o _8

9_ 9_ 91 _z

85 85 85 85

8_ 8_ 8_ 8_

85 85: 8_ 85

85 8_ 85 87
87_ 87 87 87

82 8_ 8?. 87

78 77 77 79

7 0 _ DI l

8_ 8_ 8_ 85

8_ _ 8_ 8_
_, ,,,

85 8_ 8_ 85

..... _ 85 _ " 85 .85

75 88 91 6q

85 85

8_

70 7o 71. 71 71 7]..
78 78 79 78 78 ?8

69 TO

78 78

187



GEMINI EXTRAVEHICULAR SUIT TEST

EX_RIME _T Ib

TEST DAY NO. 3 TEST POIN_ NO 5 DATEL1-12 -6_

T_m_TU_ oF

165o

85 ....As "

TIME OF DAY
i i

165,5 17oo 1705 1710_._z,715

84 8o 78 ,,

87 87 85 85 8_ 8_

56 _9 ...._2 _21 37 36
90 90....891189 88 "

84 8_ 83 81 75 ...... 72

84 8_ 83 82 70 68
.... l l • l,,

85 87 87 ,., 8P 8_ ,,

.p_ pz 91 _, 89 89 •
87 87 87, 87i 87 87

...........87 87 _87' 861. , 8_ 8_
83 8_ 83 83 78 78

ill I •

7P .,. _.. w 77, 76 7_
72 72 72 70 69 691

85 85 85 85 85 85

8_ 8_ 83 82 81 81
= ._ ll

85 85 85 8_ 81, 83

86 85 85 85 85 85

88 8o 67 59 56 58

Cl_n.
, Ill

No. 1635 16/,0 16_5

27 8_ 85 85

28 . .8._7 87 87

.__30 91 91 91

32 8_ 8_ 8_
i J

33 85 '85 85

3_ 91 91 91

35 87 87 87
l .......

81 8? 8z

37 83 83 83

3 8 _l 78 79

39 : 71 72 72

_0 85 85 85

-_1 8_ 8_ 8_

8_ 8_ 85.
1,3 85 85 85

60 87 96

_7 86 87 87 86 85 85 8_ 83 82

_8 71 72 72 72 72 71 70 70 69

_9 ?8 79 79 ?s 781 76 7_ _ 7_
.50

i ,l= ..... i,, iT

188



fiEMINIEXTRAVEHICULAR SUIT TEST

EXPERIMENr Ib

TEST DAY NO. 3 TEST POI_ N05 DATEn -L_-6_

x53o

53

5_

55

56

57 69

58

59 76

60

61

62 91

63 95

6_ 9z

65_
66

67 87

68 -2

69 _7

70 103

7z _6

7z 126

73 66

7_ i_o

75 ik3

76

77 69
78 _O

TIME OF DAY
i I

z5_5 z55o !555 z6oo z6o5 z61o z6_ z62o z62_

12.O 64 58 57 !k5 ZSZ 8O

69 69 69 69 72 77 79 8z 8o'

76 76

71

92 72

_i 77
I

85

16 80

55 5_

I_9

_ _7

126 138

66 62

75 31

77 38

123 i_7

76 76 77 78 80 81 82

78 -_z 87 9_ 98 7_
71- 7_ $z 89 95 192 86

81 85 95 103 i00 95 8q

1630

5

82

83

123

93

95

85 8_ 8_ 85 83 87

69 66 62 _ 88 113

68 7_ 8_, 95 9o 79

zz9 zoz 7_91 88 zoz 137

z,T/__._ z_ z3_ z38 23 -38

123 _ 90 781 89 110

62 65 69 77 80 78

-_I -_9 -56 -3o 713

3 O -5 Z6 ZO o

6_ 57 51 63 i_3 15o

87 87

lO8 62

78 96

132 ioo

83 1_1

12_ lO2

7_ 72

z6 _ 20

k8 56

7o 23

_3

-5zoz z_5 ?7 .... 67 ...... 5?_.......3__zz_m z65_ 90

z_



(]EMIHI EXTRAVEHICULAR SUIT TEST

EXP_R_ Nr Ib

TEST DAY l_. 3 TEST POINT NO 5 DATE 11-12-6;4

TE_mRATU_EoF

Chan.

53

5_

55

57

58

59
6O

61

63

6_

65 :

1635

TIME OF DAY

z6ko z656 z6_o,..z655 17oo !?Qs__ZTZQ__ zn5

8_ 87 87 ..,S!...... 9_. 83 8o.... W. 75

,,. ,..... . , ,

129 5g _3 z_ -3 =23 -_ -z3 -z6

zo_ 78 68 _o 2_ -23 -z3 -5 -z

io5 9_ 85 63 5z 33 22 2o

67 ........ _ .................

19O



G_INI EXTRAVEHICULAR SUIT TEST

EXPERIME N_ Ib

TEST DAY NO. 3 TEST POINT NO 5 DATE 11-12-64

_mmnm_ oF

Chan.
i

_" z53o z5_5 155o,i z555

79 -79 k8 L18

8o -413 56

z3o z8z

82 _7 112 155

83 85 zSO 174

84 z_o III z36

85

86 69 z39 43

87 63 54 _7

88 77 30 31

89 91 65 70

90 21 3.1 37

91_ 28 33 38

92 2_ 34 39

93 2_ 401 h6

9_ 8o eo 78

95 88 88 88

96 83 85 86

98 zoo _,_9

_m 98 98 91,
99 103 105 103

b

zoo 87 90 86

_oz 96 _ 8_
102 117 117 111

103 176 176 254

l.____L z74 17_ 175

TIME OF DAY

16oo _6o5

,,69. 66 63

65 62 6o

65 56 47

9o

4o 31

,,,74 66

23

_8

|

1610 1615 1620 1625, ' 1630

2o z58 z66 7o -z_

9 125 1_3 _ -31

86 143 123 iii 69

78 ].75 ].50 _7 67

_2 173 179 65 2
,, ,,,,

I_1.2 I.].6 12_

118 122 126

zoo zo_ _oz
139 143 146 150

119 123 i_8 132

13_ 139 142 143

168 173 177 178

1.54 159 163 165

8z 8_ 83 85

88 88 881 88

87 87 87_ 87

zoo zoo 98 9_

86 87 85 zo_

80 78 75 9c

113 113 113 8_

77 51 115

13:L 72 43 ].04

,,-z -_ 78

56 -5 89

33 -17 88

12 -33 108

3h -z7 z38

:,8 -_ _9

80 76 76

87 88 88

87 87{ 87

_oo _! 9_

117 zoO, 93

90 71 56

105 9O

93 87 8_

8::' 9z 95

z78 z76 165 z6_ z6z z59 ]-55

z36

134

136

L_9

143

167

80

88

87

89

8z

45

63

76

159

155

191



G_MI_I EXTRAVEHICULAR 3UIT TEST

EXPERIME hT Ib

TEST DAT NO, 3 TEST POISE NO 5 DATE11-12-6_

Chan°

No°

79

80

81

82

83

8_

85

86

87

88

89

9o

91 _

92
93

95
J

97

99

1OO

101

103

iOk

1635

-55

_9

7

38
-61

-33

-203

137

136
127

139

128

,,176
84

88

86

7k

69

75
p6
63

77

16o

TIME C_ DAY

16_ i 16_5 165C 165; iI_ ) 1705 i1710

165 175 ,11 ..-22 .... -52 -52 -70

123

175

172

9_

-7

-i

156 9 :33 -57 ,21 ,59

134 -5 -28 -3]. 5 -51

18o 60 37 20 17 o

176 -_9 -90 -93 -5_ -122 ......
100 15 -33 -71 -72 -61

, ...

60 80 _J_ 55 91 63
i

-18 -56

-13 -_8

-9o -n.l -_9 -_o

-76 -95 -_6 -_7

-_7

-36

-56

_9

-_7 -65 -_
75 73 67

87 87 87

8_ 85 85
W 72 67
69 69 67

62 8_ 71
52 52 k7

P7 p6 51

6_ .... 62.

-59 -73 -_O -53 -93 -77

-53 -92 -92 -1o1 -12_ -92

-63, -96
-72 -97

-66 -101

-88 -1o3 -137 -93

-59 -75 -_27 -76

-90 -1o5 -137 -'.17
l. l

-68 -8] -12_ -71

6_ 59 5k 50

87 87 86 82

85 _._ 83 83
6T ._._ 65 ._ .

......... _ 6 7 6 7

1715

-62

-kk

-37
.,,, ,

-52

-71

-92

-71

-87

-67

,, • ,,,

811

68

69

kz 39 38
_7

581

131



GEMINI" EXTRAVEHICULAR SUIT TEST

EXP_RINE N_ Ib

TEST DAY NO. 3 TEST POINT NO 5 DATE 11-12-64

Chan°
No.

105

106

1530 15_5

  nnmm °F

TIME OF DAY
! I

155¢ 1555 1_6oo 16o5 1610 1615 z&eo 16e5
, , ,,

. '.. _ .

163o

1o7

108

lO9 -299 -299 -299 -295

11n -309 _3o9 -309 -307

111

113 -316 -317 -317 -311

85 85

116 85 85 85 8_

117-

119

120 36 65_ 67 65

121 85 85 85 86

1_ 88 88 88 88

12_ _39 _85 138 23

L?.5 93 1_7 _ . a+3

126 161 71- 118 192

127 83 8_ 85 85

1_a 86 86 86 86

129

13o,
L " •

-306

-_o_

85 8_ 84 8_ 8_ 8_ 8_

85 8_ 8_ 85 8_ 85 85

63 56 56 79 8_

86 87 87 87 871

88 88 88 88 88

z8_ 189., zhe 5

zo 78 185 195

35 3_ 79 150 16o

196 207 zho 26 -23

86 86 86 86 86

86 86 86 86 86
= _

53 3_

87 87

88 88

15_ 2oz

,72 1_

7_ 33

150 187

86 86



GEMIIII EXTRAVEHICULAR SUIT TEST

EXPSRIME hT 1"o

TEST DAY NO. 3 TEST POIbT NO 5 DATE 11-12-611

Chlno _ :

Io6

110

111

_.t5 83

TIME (_tDAY

-I,1 ,I .---I- ---.-----.e-

-- F-. '...... i..... ,........... -P- ,-
• 1 '

:l,l'r 86
86 86 86 _ .... 8o ?9



TIST DAY NO. 3

TIST POIMT N0. 6

S_ _IT.

SIM_LATI_ _ FOR 60

MI_UTm; _ Y0R 30 MINE_S.



(_HI EXTRAVEHICULAR SVIT TEST

EXPERIMENr Ib

TEST DAT NO. 5 TEST POINT NO 6 DATE 50 Nov. 196_

TIME C_m DAY
.,. ,,..... ,

x72o x725....173o x73_ ZT_O 17_ x75o_ 1755

OOI

2 61

3 88
88

67
6 58

7

8 8_

9 87

xo 8')

n 6O
66

x6 ?6
x7 87

J

x8 8_

19 ?9

so 8)

2_ 56 9

2_ _ 53
68 e

:)8 60 62 63,. 62 61 6_, ,

87 87 s_ 89 85 .8_ 85

62 61 60 60 61 62 68

58 62 66 67 69 71 75

81 80 78 78 78 78
................ 1

61 6x 6o 6o 6x 6)

6_ 62 6x 62 63 65

58 56 56 61 65

8e 82 80 79 79 79

7_ 72 7_ 7a T_ D

a7 a7 _ _6 86 _7
8_ 8_ 81 81 81 81

8_ 8_ _ 8x......_._ 8o

5x ....5!., 5x 5z 5o

e .........aS_.......67.........._ .......1o ....
80 'm ......?9.......79......79

68 6_ 67

66 __ ?z
8_ 8_ 8_

85 a_
,,_

70 7x
76 76 76_

78 78

8e 81

6T,, 6a
65 69

68 66

79 79

_. T_

76 _6

82 8e

_9 _9
96 )6

)) ))
9e

.T').... J'k

8o 8o

78 '/8

82 82

68 68

68 66

63 6Z

79 8o

79 75

T/ 78

8_ 8e

9 9

T_,

80 ,81

' " a .......... • ,

196



GEMINI EXTRAVEHICULAR SUIT TEST

EXPERIMENT Ib

TEST DAY NO. 3 TEST POINT NO 6 DATE 30 Nov. 1964

Chart.

• ].81o 1815

ooi 7_

2 70 66

_ s5

5 7_ 72

6 ?7 78
?

8 78 79

lo 82 82

xx 69 69

12 67 69 ,

].4 8o 8o

I, 15 715 7_,

16 79 80

17 85 89

18 _

19 7_ 7_

20 8a 8_

zz 56 56

2_ 5x _x

_ e5 75 76

26 • 81 8e

TEMFERATUP_ OF

TIME OF DAY

182o! 182_ 183o z83_

_! 6_ .............. 65_

65 65 6_ 61

8a 85 8_

85 8_ 84

, 78 78 78

8o 8o 8o

66 65 65

68 66 6_

• 6_ _ 58
81 81 81

7_ 7_ 72

79 78 76

8_ 8)-, 8_
8_ E_ 8z

74 7_ 7_

18_o

8_ 8_

8_ 84

72 7z

78 77

s_ se
8_ 81
X

62 61

65 61

57 56

81 81

71 7o

7_ 72.

85 8_

81 8O

7_ -- 7_

....._ .... 8_
I

51

............_,_...._ ...... a#....... .__s_
5X._ _x _]. 5x

51_ 55 55

51 51 . 5!

:....._ .......?7. .77._

97

83

8_
69,

,?6

!

8o

57

58

, 511

8o

68

?9

i ,I._

53 _2 ,_

_, Dl Dl ,,

....._76_...... __E_..i............
am......... 8___ ,,8].



GEMINI EXTRAVEHICULAR SUIT TEST

EXI_RIME Nr 1%

TEST DAY NO. 3 TEST POINT NO 6 DATE 30 Nov. 196_

T_mTURE %

Chan.

No.

027
28 ¸

29

50

31

3e

33

3_

59

56

37 78
58 75

39 69

_o 85

_i 81

,2 83

43 8_

_5

h6

*;7 82

_,8 69

h9 7_

50

.,.51

1715 17eo 17e5

TIME OF DAY

175o ].739 _7ho z749 179o 179_

78 75 _ 7_ .......7#.........7'_ ..... 7_....... _Y_.... _7/.........

8_ _ 8]. 78 ....7.8.........7! ....... ZL___._/I_, .... 78.

56 96 96 54 51 67 . _73 , 60 93

88 _ 87 871 6_ _5 85 85 84

72 69 69 69 66 69 70 7_ 7h

68 65 62 4 q 6 ! .if 6!i , 69 .i 66 ..... 71 i 7_

85 85 89 84 _ am _ _ tm

& ......." ...... ;5
87 .8_ _ 85 _5 , _9 _9 8_ ! .89

85 83 ___ _, __........._ ...... _m ae 82 i .
X

77 76 7_, 7_ 7_ 7,_ 77 78

75 73 7_ 7_ 7]. 7_ 731

66 6_ 63 62 .....6_ 6]. _].I67

e_ _ _ .8}, _ _3 _

79 77 76 ........_7`9........ 7b' . 7.9 7,,9.... 79

8e ,_80 7.9__ 78 .....77 76 76, 7.6

70 67 65 60 7_6.... _56 79 __ 7_
[ .....

!

].8oo _zSoo-

7_ 78

_7 78_

_6 ho

7_ 7_

85 _7

_ 82

78 78

73 7"J

6]. 60

________

75 76

76 76

65 60

79

81

79. 78 .... v8 .7_ .... 7.8 .......

8z _]. 8z _]. _z 8o 8o

67 66 6,9 .... .__69.... 69 62 62

7_ 7_ 73, ?__. 73 7]. ,7].

61 61

70 72



GEMINI EXTRAVEHICULAR SUIT TEST

EXPERIMENT Ib

TEST DAY NO. 3 TEST POINT NO 6 DATE 30 Nov. 1964

TEM_RATURE$

Chart.

_" 181o 18!5 182o

oe7 78 76 79

28 78 78 78

29 53 60 45

30 8_ 8_ 84

31 71_ 75 75

32 74 ,76 77

33 85 85 86

_4 8.5 8._ 8.5

35 87 87, 87,
36 8') _

_57 78 78 78

_8 73 73 i 73

39 : 60 6o 6o

40 8.5 85 8_
41 76 76 77

h2 76 77 78

_5 85 85 8_

4h 71 82 74

_5

h6 78 78

_-¢ m ,8.!
_8 61 61

.5O

51

TIME OF DAY

79 ..... "Z'9....... _.2'.,_5...... _8._.__ _7__8........

77

?5

86

8O

78

57

169 ,

76

77

85

79 ?9 .... 7_ 78

'57 _57 38. 39

76 75 i 75 71_

77 76 1 75, 76

86 87 i 87 87
I

!
8e .,__...8!_.! 8_ 81

78 78 78 78

73 1 7_ 72 71

,,59,I59 _9 98

7]7. T'¢.. ']'6 77

78 78 78 78

_5 87 85 8_

61 96 53..... I_8 _ ...... i ......

78 78 77 _.._._.___ 76 7.5 ,

60 60 ...58 . . 58 5? 56

72 7'2 71 70 69 69

199



GEMINI EXTRAVEHICULAR SUIT TEST

EXPZRIME Nr 1%

TEST DAY NO. 3 TEST POINt NO 6 DATE 30 Nov. 19_

O")J,

_6

57

58

79

60

61

@
63
6_

65
66

I

67
68

69
70

71

72

7_

7_

7_
I 76

77

78:

TIME OF DAY

1715 1720 1729 1750 1755 17ko 1745 1750 1755 18oo 18o_

134 49 .39. 39 145 149 40 : .. _. 99 1_

62 I" 99 58 61 69 70 71 7'2 74 75 78

-16 -6 6__ 1o1 ......n_ _ 83 m7 m2 151 _8

-1 9 28 66 8e 87 8& 82 87 98 lO6

.._ 28 .38 69 85 .. _ 8o _ . ,9_, xoe

L ......

@ 6) 66 -I 74 77 78 94
m 29 )) )3 27 90 115 89 79 54 59

24 _a 4_ ra 8) 78 74 78 8_ 95 1oo

-_ -_8 lO9 136,.. 126., 16 ...-36 _7 L 12_ 146 L 148

z _,8 eb _6 _7 .... ._8o_ 99 115 L 104 8_ 62

-86 1_ -_6 -_ _-_5 -.5!. r-36 13 _ _7 _3

-9o 87 -2o -1_ -__ -lC,:) ._ _6 7o 67
-99 8_ 4_ _,6 _z..... 143 _7 _6 _ -31 -%'

-96 89......._ ......3_......._8......I_8.....z_,.5..._L.._,B_......._ ,,._,_ ._,.z

-77 ..... _90.... 4____...... _9_ .......9.. 1_z ......z_3_L. 3_ _ -_,_ ,_7



GEMINI EXTRAVEHICULAR SUIT TEST

EXPERIME _T Ib

TEST DAY NO. 3 _ST POINT NO 6 DATE 30 Nov. 1964

TEMPERATURE °F

093

9_

96

97

_8
99

6O

6].

&e.

63
6_

65.

66

67

68

69

7o

71

72

75

76

77

78

'ZSZo

1Z8

8e

78

TIME OF DAY

z815 18eo 18e5 183o ].835 z_o z8_5

--q i

64 zlo 122 too 9o 62 44

81 79 7_ 70 66 6_ 60

,,, , ..... ,

8z 8z 80 79 i 78 76 ] 73
, l

"t ................. 1 ..............
I

97 67 92 -22 k -7 -9 i_

102 81 68 k8 }6 26 21 29

, 1

72

91

99

-17

56

66

-z?

123

117

102

-65

87 89 _ _ 81 78 7_ 7o I

79 96 3_ 29 19 -22_ -I
I

7o 6o 42 33 29 50 55

39 22 , 7 _.!0.. z_.. 7 =z3

-Be -g_ -67 -109 -Z32 .... =8_ -75

78 56 2g 18 ._16 ..... 12 -6 .....
/

65 6o

-7o o _-_9 .... :____9..... -68 -72 ....

-6_ 9 -_6 -59....-9_ -62

"97 .72 -_6 .... -26 rE8. i-Z06

_z _-e5 -6z -6,e -62 ......,8_.__ -_o9
_-- r............- -_ ......... n r-

| !

" I .....

I
I

I

|, ,

201



GEMINIEXTRAVEHICULARSUIT TEST

EXPSRIMENT1"o

TESTDAY NO. 3 TEST POIMf NO 6 DATE 30 Nov. 196_

TEMIERATURE OF

i00

78 8O

89

i00 I00

._.:too_xz_

88 zo9

79 71 8o

141

138



GEMINI EXTRAVEHICULAR SUIT TEST

EXPERIMENr 11)

TEST DAY NO. 3 TEST POINT NO 6 DATE 30 Nov. 196h

T_mRATm_ °F

ICl_n.

181o

O79 I_3 2_ -Ig

80 133 5 -2_

81 I_0 7 -27

8_ 3.62 77 39

83 z_ -23 -81
8b 66 29 -9

85 77

86 29 -3

87 33 -5

88 -21 -7o

89 9 -9z

90 -15 -61

-79,,

-73

91 ,- -21 -_1 -93

9e -5 -65 -85

93 -7 -68 -85

9_ 67 61 97

95 8o 81 81

96 92 92 92

97 69 63 62

98 66 61 61

m 66 l: I
zoo 51 _ hi

I01 60 h9 46

102 68 61 99
i i

103 326 i__ ....... l_._

TIME OF DAY

-50 i-l_9 .5o ,-81 -lOl

-__9 -7 4 -l_Z -6_

18 lY _ i Z_ 0 IZ_

-99 -6_ ,gb -i07 .-130 . .

-6_, -70 ,-71 -71 -?Z

_..I_-IQ_.._._,llh : i_i=_ -11 4

-87_ -99 -1o8 1-22 -_
-_i -84 -99 -71 -79

-1oz -116 -126 -_6 -_2

T99 -126 -lhO -59 -6_

-68 ! -113 -1=_3 -77 -67
-zoz -_9 -142 -56 -96

-77 -112 -128-6_ I "_ I

81 81 8O 8O 79

91 91 9_ 91 91 I
I

61 62 69 _.. 6_ 167 . i

6_ .... _ ........ 6_-- ..... 66 l I I 68 I I

}8 ...... 46 37 37

_6 §9 99 99 .56

_l_ .... 169 .... 166 168 ...........],IY_

I



GEMINI EXTRAVEHICULAR SUIT TEST

EXPERIF_ NT Ib

TEST DAY NO. 3 TEST POI_ NO 6 BATS 30 Nov. 1961_

_mm_Ttmz oF

Chan.

No.

109

106

107

108

109

110

1715 172o



GEMINI EXTRAVEHICULAR SUIT TEST

EXP_RIME NT Ib

TEST DAY NO. 3 TEST POINT NO 6 DATE 30 Nov. 1964

• . , ,



SUIT FLOW 8_
@mdlNl _rTRAVJ_IC_AR SUIT

TRST DAY NO. 3 DATE: iI-12-6_

_--- ROTAME_ VOL(_'L0W
..... = -, .... _ _ _

0800 Ik.7 70 3,12 3.70 7_

0830 _ _ 3.11 _.69 7_
1

o9oo , 3.11 3..70 77

o._ .... 3.11 3.70 8_

1000 3.11 3.7.5 i01

i030 3.13 3.70 IG7

1100 _.i_ _,7_ 1!i

1150 _.17 %.65 1oi

_oo ...... 3.13 3.68 ._.

_3o 3.11 3.69 78

13oo 3.11 5.70 90 ..

1_o 3.1_ 3.7_ 93

:1_3o _.16 _.7o 80

1[,oo 3.16 _.7_ 79 .....

153o 3.!6 I..7_ ......9.9..

16oo 3.163. o 90......

noo 3.!',
1_0 , _.Z_ ._.7o.197

18_o lk.7 70 )._ ).7o 1oo

i0.0

1).e

i_.7

17 .o..

-::_.-.:_ - - TZ ,,

..,. _| . ,,

, , • ,

17.0

_.,i

17.o

1_ .7

!6.0 ............

16.7

II,7

16.o
16.7

!6._ 18o

17.1 _..........
19._

17 ._

•:- :

•: : --. . . : _

20_



THerMAL DUMMY HEATER PO_

G_I EXTRAVEHIC_ SUIT TEST

E[P_IMIIT Ib

TEST DAY NO. 3 DATE: ii-12-6_

POW_-WATTS

o7oo
o7#5 1.5

_o8oo e.5 11 9 _, ._ 2 ..... 2 2 2

o81o 37 2_.5 21 .5 5 3.5 5 _ 4

....o8_5 37 19 21 _ _ _ _ _

o9_o o o o o o o o o o
,, , ,,

"i...............

I..........................

I,

< i0
,, ,,

/o

_6

72

66

0

)

_J_5 o o o o o 0 0 0 .0

207
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APPENDIX B

I_TRO_ENTATION MEASUREMENT ACCURACIES

I. Thermocouple Temperature Measurements.

Experiment l-b specimen temperatures were measured by forty

gauge copper-constantan thermocouples. Paragraph 3.4.1 describes the
thermocouple attachments and signal recording methods.

Sources of error in temperature measurements on Experiment l-b
arise from:

(a) Thermocouple errors due to copper and constantan wire

impurities.

(b) Reference Junction temperature errors.

(c) Recorder errors.

(d) Millivolt-temperature conversion errors.

(e) Differences in Junction temperatures and the temperature

of the materials to which the thermocouples were attached.

The accuracy of the thermocouple wire (used for this test) is

stated by the manufacturer to be + 121OF in the temperature range between

-75°F and +200OF. At +20OOF, a co_er-constantan thermocouple has a thermo-

electric power of 26 microvolts/°F. Since the thermoelectric power decreases
with temperature, the maximum error in this range will be at +200_F and is

equal to 39 microvolts. This is the voltage error contributed by the thermo-
couple wire in this temperature range.

The manufacturer of the 150°F reference Jurction used (Pace model

_JRI3A-48TP) specifies the following tolerances for the Junction: _O.lOF

accuracy, _+O.l°F stability, _+O.IOFuniformity (between multipoint Junctions),

and_+O.25OF stability in ambient temperatures of -30°F to +120°F. On the

basis of 26 microvolts/OF for thermoelectric power, the total RHS error of
the reference Junction can be calculated to be:

V(2.6) + (2.6) 2 + (2.6) 2 + (6.5) 2 = 7.9 microvolts

The Cubic Corporation specifies the following accuracies for
the model A-85 A-C pre-amplifier used in the recording system:

- Gain accuracy can be set to _ 0.01%

- Gain stability is _+ 0.1%.

- Noise level: + 2 microvolts referred to input.
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-Drift: + 2 micrevolts per 500 hours of operation at constant
ambient _emperature, referred to iuput.

The voltage er_ror of the pre-amplifier due to the noise level and &rift

voltages is _8 microvolts. The voltage error contributed by the gain accuracy

and stability and the basic digital voltmeter accuracy of .O1% can be shown

to be negligible in the RMS summing procedure. These errors are made further

ir_ignificant due to the digital voltmeter resolution of + 1 digit. Since the
last digit read on the meter was in units of O.01 volts, _his results in an

error at least I0 times larger than the instrument basic accuracy. Thus the

instrmmnt resolution error is O.O1 volts divided by the gain factor of I,O00

which results in an error of I0 microvolts.

An additional error of approximately _+O.5°F or 13 microvolts

was incurred as a result of reading the standard temperature conversion

charts to the nearest degree.

It can be seen that the significant errors of the thermocouple
wire and recording system and their magnitudes are as follows.

Thermocouple Wire _+39 microvolts

Reference Junction

Voltmeter Pro-amplifier

+7.9 microvolts

+ _ mlcrovolts

Digital Voltmeter + IO microvolte

Millivolt-temperature Conversion
Table Interpolation

_+13 microvolts

The total RMS sum of these errors is 43.2 microvolts which corresponds to

the following temperature errors (exclusive of thermocouple attachment errors):

_+I._F in rar_e of -75 ° to +2OOOF

_+3.1OF in range ef -150 ° to -75°F

Thermocouple attachment techniques are a potential source of error.
The thermoceuples must be attached such that the Junction temperature is the

same as the temperature of the material to which they are attached. Thus,
it is heat transfer considerations that result in thermocouple Junction
temperature errors, and therefore, signal errors. Forty gauge thermocouple
wire (0.003 in. diameter) and the attachment precautions described in
paragraph 3.6.1 were used during Experiment I-b to reduce temperature measure-
ment errors attributable to thermocouple mounting techniques.

The thermocouplee on the HT-1 outside surface of the suit and

those on the _C-2 insulation are most subject te attachment errors. The
theraecouples on the HT-1 fabric are subject to error for the following
reasons s
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(a) The emissive properties of the painted thermocouple

do not match those of the HT-I. Because the thermocouple

absorbs and emits at a different rate, there is a tendency

far the Junction temperature to be higher or lower than that
of the HT-I.

(b) The lateral conductance of the HT-I fabric is relatively
low. The low thermal conductance of the HT-I aids in

permitting incident radiation (e.g. simulated solar

radiation) to perturb the junction temperature as discussed
above.

While tests were not performed to evaluate the accuracy of suit surface

thermocouples during Experiment l-b, it is believed that no gross errors were
ir_uxTed by the effects discussed above. The discussion of paragraph 4.2.1

shows that measured suit surface temperatures were approximately as expected

(on the basis of test solar and albedo flux calibration). Also, undocumented

results of a comparative evaluation of similar thermocouple attachments
performed during contract NAS 9-1163 indicated that the attachment techniques

employed during Experiment l-b do not result in large errors under simulated
solar irradiation. The same comparative evaluation also revealed that

attachment errors were probably nil during suit cold soak tests.

II. Suit Pressure Measurement Accuracies.

The suit inlet gas pressure, helmet pressure, and the pressure
drop across the suit (inlet to outlet gas pressure) were measured by a system

of pressure sersors described in paragraph 3.6.1. The following error
analysis of these measurements is based on data from the manufacturer of the

sensors.

The suit helmet pressure and the suit inlet pressure accuracies
are the same since the sensors and method of readout are identical. A root-

mean-square sum of the performance characteristics of the sensors is given

as an example. The manufacturer specified the following:

Maximum combined non-linearity and

hysterises

•75% FS (Full Scale)

Repeatability O.lO%Fs

Temperature Drift 2% FS/IOO°F

Temperature effect on sensitivity 1% FS/IOO°F

When the temperature is within IooF of the calibration temperature,

a value for the errors is 0.79% of full scale or .079 psi for the iO psi
scale gauge.
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The resolution of the recording oscillograph (Figure 20) is
approximately 0.235 MV (.05 in) with a non-linearity of 1%. The oscillograph
gives an error of .235 MV (resolution) and .24 MV(non-linearity). In this
case, the .235 MV is equal to .09 psi and the RMSsumof the three figures
is:

7.9) 2 + 92 + 92]x I0 "2 PSI2 = 0.15 PSI

The probable accuracy is then + 0.15 PSI (1.5% of full scale).

A similar method was used on the suit pressure drop sensor and

the resultant probable accuracy is + .01 psi (2% of full scale).

Ill. Suit @as Flow Accuracy.

The flowmeter used to measure suit gas flow rate was calibrated

against a Brooks flowmeter which was accurate to 1% of indicated flow. The
flowmeter used during the test was mounted in the flow system where the inlet

pressure was ambient pressure. Thus, no pressure corrections were required.

The accuracy of the flowmeter measurements is +_3% for the
conditions of use.

IV. Suit Leakage Accuracy.

Suit leakage rate measurements are described in paragraph 3._.i

On the basis of data supplied by the flowmeter, the accuracy of the instrument
as used is 2%. The readability of the instrument is approximately 0.5%

resulting in an overall accuracy of +O.1% to -4.1%. When a standard flowmeter

gas correction (for N2) is applied, the accuracy is + 2.1%.

The ionization gauges described in paragraph 3.6.1 were utilized

during Experiment l-b to indicate the general area of the origin of suit
leaks. The manufacturers calibrations were used for the gauges since a

qualitative indication was sufficient to indicate the area of the leaks. The

accuracy of the gauges is estimated to be on the order of _+15% of the indicated

reading.

V. Relative Humidity and Visor Frosting.

The humidity measuring system (paragraph 3.6.1) was calibrated

with a Blue M. Electric Co. Model VPIOO relative humidity chamber whose accuracy

is 2%. The probable accuracy of the measurements made in this test are +10%,

based upon linearity, calibration accuracy, and the method of indication.

The lamp-photo-cell visor frosting indicating system served only

to give a qualitative indication so it was not qua_titativel_ ealibFated a_ainmt

ar_ standard.
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Vl. Energy Into Visor.

The thermopile utilized for this measurement (paragraph 3.6.1)

was calibrated by the Eppley Laboratories against a U.S. Bureau of Standards

Class A standard. The Eppley Laboratory calibration for this instrument
was used for test I-b.
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APPENDIX C

VIEW FACTOR CALCUIATIONS
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CALCULATION OF VIEW FACTOR BETWEEN TEST PLAI_

AND EARTH SIMULATOR

Diagram of approxLmate geometric configurations existing within

the SES: _._

/ ¢°l L+ \ t t,,<--+_-_._,<=T.J

L, ! j.f
i z., ..... /--7/

/ /_._,_ o v ' ,7
i / ,D,_SE" j //_,

lliSure t-I

Diagram of Geometric Configuration in SES

Assuming the simplest geometrical configuration available, that of

an ellipse (See WADD TN 60-145), to represent the thermal dmmmy, the
following relationships were utilized:

(a) major diameter: 15.5 in. (1.29 Ft)

(b) minor diameter: 8.9 in. (0.74 Ft)

(c) height: 60.1 in. (5.75Ft)

(d) total surface area: 20.6 Ft 2

(e) total projected area: 10.3 Ft 2

(f) dimensions of test plane rectangle representing thermal

dummy: height: 5.75 Ft (L1); width: 1.79 Ft (L2)

Assuming that the thermal dummy and the earth simulator can be replaced
by their respective projected areas, it is now necessary to find the
resulting view factor between them. The method used herein may be found
in ASD Technical Report 60-119, Part I. For two parallel plarBe in the
most gereral position, the following dimensions are defined with respect
%0 Figure d- 2.. :
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¥
i

Figure _ -

Definition of Dimensions for Two Parallel Planes

For the particular case in question, the follc_i_ relationships exist:

(l) o

O

p - 4.66Ft

- 6.25

(2) d - 5.?S

b - 3.73 Ft

a - 1.94 Ft

216



In general the following relationship exists (See Figure _-A ):

(3) z12 - ! fl (_-b,S-c) - _ (p-,,_-c) + tl (_-a,_-c)
rrAl

" fl (_-b, _-c) + fl (oc-b, _-c)

- rl (_<-_, _-c) + r 1 C(3-a,_-c) - r_ Cp-b, _-c)

+ t z (_-b, _-d) -fl (_-a, _.d) + fl C_-a, _-d)

- fl (_-b, _-d) + fl (_-b, S-d) - _1 (,_-a, S-d)

+ I"1 (p-a, _-d) - I"1 (_-b, g-d) ,

• E2
_2 tan'!

"'rE2 + (_2-- +_Z 2

)

z2 ÷ ,7

,jE2 + _2

(_)

The following definitions are now in order:

fl_l (0-b, _-c) i f (_i, _I )

.eI (_-b, _-c) -f ('_4' f_)

tl (_-b, _-c) - _ (_) _, _ 5)

tt (_-_, _-c) - t (_ 6, K6)

tl (_-b, _-c) - t (_) _, _ _)
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rx @-b, _(-d) - r (Pg, _9)fl ((_-a, x-_) - f (i)io, _ 1o)

1`I (_-_, _-d) - r (7)n, _11)

1`i (_-b, Y-d) - 1`(_!12,_ 12)

fl (o(-b, _-d) - f (?,_13, _13 )

1`I (_-a, _-d) - 1`(_)_, _)

1`I (_-a, _-d) - 1` (7)15, _ 15)

fl (_-b, _-_) - 1` (%}16' _ 16 )

(6).

1`(#_, _i) 1` L(n. - 3.73),(_.25 - o)_F

(#2, _2) f [(4. - 1.94),(625 - o)_

(_3, _3) _ [(o - 1.94), (6.25 - o)]

1`0)4, _4) " 1` [(o - _.7_), (6._ - o)]

f (_, _ _) - 1`

1`(_)?,_7) - 1` [(4.66 - 1.94), (0 -0)] - 1`(2.?2, O)

1`(PB,_KB)- f [(_.66- _.-:_),(o - o)] - r (o.B_,o)

1` (_)_,{_)- 1` [(_._ - _.-:_),(o - 5.75)]- r (o._, -_.75)

r (Plo,-_o)" 1`

1`(_)n,_11)" 1`

• I" (0.93, 6.25)

- 1` (_.7_, 6._5)

- 1`(-i.9_, 6._5)

= f (-.3.73, 6.25)

[(o - _._), (o -o)] - 1`(-_._, o)

[(o - I._), (o - o)] - 1`(-z._, o)

[(n.66- 1.9b),(o - _.7_)]. r (_,.'m,-5.75)

V(o- i._), (o- _.75)] - 1`(-1._,-_.75)

[(o- _.?_),(o - _.7_)]- r (-_.7_,-_.7_)

[(o- _.7:)),(6._ - _.7_)]- 1`(-3.7_,o.5o)

1 (̀V_,__). 1` [(o- I._), (6._ - 5.75)]- 1 (̀-1.m,o.50)

1`(P15, f15 ) " 1` [(4.66 - 1.94), 6.25 - 5.75)] - f (2.72, 0.50)

r (P16,_16)"1` [(_"_ " _.7_),(6._ - _.-:_)]. 1`(o._,o.50)
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Each of the terms given in equation (6) is evaluated by substituting

the respective n_mbers into equation (3). Due to the fact that all

the calculations are net only similar in nature, but also very tedieus,

only the first will be spelled out in detail. The others are omitted,
with only the results called out. Thus,

(7) f (Pl,_l) " f (0.93,6.25)

- ½ [(3)(0.93) tan-1 ( 0.93 ). (6.25) _/(3)2,(0.93)2 tan-1 ( 6.25
3 g'(3)2 + (0.93) 2

)

-(0.93) V_)2,(6.25) 2 ,,0.93 (3) 2

tan'l (V/(3)2,(6.25)2) ,__ 2 In
(C3)2'(°'93)2+(6"25)2) i

(3)2 + (6.25) 2

.½ [(2.79)tan -I (0.31) - (6.25)_ tan-1 (
6.25

, )

-(o.93)v_8.o _n "l (v_48.o°'93 48.855 ]) ÷(4.5)Zn( )
48.0

- ½ [(2.79)(0.292)- (19.6)(1.09)-6.45 (0.0194)+(4.5)(0.0188)]

- ½ [o.815- 21.v- o.125+ o.o845]

- } (-2o.9)

(8) Zl (_)l,_l) " -lO.45

Similarly,

fl (_, _2) " -12.88

fl (_3, _;3) "-lZ.69

fl (#4, _4) "-28._

t I (-r)5, ._5) - +2.1o

fl (#6, _6) " .o._

fl (_7,_7) "+l.46

(9) fl (_8,_i8) - .,O.l_7
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fl (_9,_9)" _988

fl (_1o,_zo) " -lO.98

_z (1)zz,_zz)"-zo.12

fz (_)z2,_z2)" -12.84

fz (_)13,_z3)" +1.94

fl (_)m,_m) " +o.643

fl (_z5,_15) " +o.o55

fz (_716,_16)" +o.o65

To arrive at the form factor between the earth simulator and the thermal

dummy, it is necessary to substitute the values of fl (_n, _ n) obtained
in equations (8) and (9) into equation (4).

l[_12 = ------- (-lo.45) - (-12.78) + (-11.'_) - (-28.96) + (2.1o)

-(0.86)+ (i._6)- (o.i.,_7)+ -9.88).-(-1o.98)

, (-lo.12) - (-12.81=), (1.94) - (0.643) • (0.055)

-(o.o65)]

(n.2_5 - 44.4277)

. (26.79)
-n-(6.25) (4._)

(11) FI2 = 0.286,

Where F12 is the view factor from the earth simulator to the thermal dummy.
By the reciprocity theorem (A1 F12 - A2 F21) the reciprocal view factor
can be obtaimd; that is, the view factor from the thermal dum_ to the
earth simulator. Hence,

(:,.2) _'21" I6"25) (4._) (o.2_). o.so9
(].0.3)
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